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PROPERTIES OF CAST RED BRASS AS AFFECTED BY THE 
AMBIENT ATMOSPHERE DURING MELTING 


By Harold B. Gardner,' Alexander I. Krynitsky, and Charles M. Saeger, Jr. 





ABSTRACT 


A study was made of the physical properties of red brass (Cu, 85; Sn, 5; Pb. 5; 
Zn, 5), melts of which had been made and poured in an atmosphere of hydrogen, 
nitrogen, methane, carbon dioxide, carbon monoxide, and air. The tensile 
properties, hardness, density, and electrical resistivity of the sand-cast bars, in 
general were inferior to those of the chill-cast metal. For both the sand-cast 
and chill-cast bars, hydrogen and methane had deleterious effects. The effect of 
hydrogen was most pronounced and detrimental. The unsoundness of the 
hydrogen-treated metal, as shown by microstructural study and by density 
surveys, is the most important factor responsible for the inferior properties of 
the metal treated in this way. 
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I. INTRODUCTION 


The work summarized in this report is the concluding phase of a 
rather extensive study of the characteristics of red brass, Cu 85, Sn 5, 
Pb 5, Zn 5. The preceding phases of the investigation, the results 
of which have been published [1, 2, 3, 4]? related to the effects of 
specific impurities in the alloy. In the present report, the effects of 
“gaseous” impurities are considered; that is, the effects which can be 
attributed to the action of the atmosphere that envelops the 
metal during melting and pouring. The general investigation was 
carried out by the Bureau in cooperation with the Non-Ferrous Ingot 
, nee Associate at the National Bureau of Standards, representing the Non-ferrous Ingot Metal 

’ Figures in brackets indicate the literature references at the end of this paper. 135 
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Metal Institute under the research associate plan. All arrangements 
for the concluding phase of the work were made by the senior author 
as research associate, and all the test data were obtained by him with 
the exception of those relating to the effects of an atmosphere of 
carbon monoxide. This portion of the work, together with the 
2 cma of the report, has been the contribution of the junior 
authors. 


II. METHOD OF INVESTIGATION AND MATERIALS 


The general method followed in the investigation has already been 
described [1]. Only brief mention is required here. An ample stock 
supply of the alloy, Cu 85, Sn 5, Pb 5, Zn 5, was initially prepared 
from virgin metals. Portions of this stock alloy were then remelted 
as needed, specific impurities in predetermined amounts were added, 
and from the melt were cast the specimens necessary for the determi- 
nation of the effects of these impurities on various characteristic 
properties of the alloy. This procedure was followed in the phase 
of the investigation covered by the present report. The incorpors- 
tion of ‘‘gaseous’”’ impurities into the molten metal was accomplished 
by remelting a charge of the stock alloy in an atmosphere consisting 
of the gas whose effect was to be determined. Atmospheres of 
hydrogen, methane, nitrogen, carbon dioxide, carbon monoxide, and 
air, respectively, were used. These gases were considered to be the 
principal constituents of the furnace atmosphere in which metals 
are melted in commercial practice. 

A charge of approximately 85 pounds of the stock alloy was melted 
in a commercial clay-graphite crucible, the surface of which had been 
coated in a special manner. A satisfactory coating of a noncarbona- 
ceous material was made by using a mixture of Aloxite cement in 
molasses diluted with water. A coating of the mixture applied with 
a brush was allowed to air-dry and then was heated with a flame. 
After this, it was heated to redness to burn from the molasses any 
carbonaceous material which might contaminate the special gas used 
as the enveloping atmosphere. Several applications were required 
in order to form a coating of sufficient thickness. The crucible was 
of a special double-walled type, which was needed to prevent excessive 
drop of temperature during the pouring of the required series of test 
specimens, as described in the previous reports. 

The various gases used to furnish the desired atmospheres to sur- 
round the charge during melting were purchased from commercial 
sources in compressed form. The crucible and accompanying equij- 
ment as assembled for melting are shown diagrammatically in figure |. 
Gas of the desired composition was conducted into the covered crv- 
cible at a rate of 40 ft* per hour to displace the air initially present, and 
the flow was continued during the melting and also as the metal was 
being poured into the specimen molds. 

The gas played on the surface of the charge and was not bubbled 
through the molten metal. Advantage was taken of the charactens- 
tic stirring action of the high-frequency current on a molten metal to 
facilitate the action between the molten metal and the ambient atmos 
phere. Two heats were prepared for each type of atmosphere used, 
except in the case of nitrogen and air, for which three heats were 
prepared. The high-frequency induction furnace was of the ‘lift 
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Figure 1.—Schematic representation of the control and maintenance of the atmosphere 
during melting. 
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coil” type. At the close of the heating period the coil was raised 
above the crucible of molten metal, and the flow of gas into the ery- 
cible was interrupted only momentarily. The gas was allowed to 
flow into the crucible,as the molten metal was being poured into the 
molds to produce the test specimens. Seven types of specimens were 
cast from each heat of metal: chemical-sample bar (similar in shape 
and dimensions to the contraction bar of the previous investigations), 
spiral rod for determination of the running qualities, stepped bar, 
pressure-test cylinders (cast-to-size} cylinders, and over-sized cylin- 
ders to be machined), Webbert fin-gate test bar, and chill-cast ingot, 
from the central portion of which the “‘no-side” chill specimens were 
machined. With the exception of the chill-cast ingot, all were cast 
into green-sand molds. The maximum heating and touring temper- 
atures were, 1,230° C (2,245° F) and 1,160° C (2,120° F), respectively. 
As in the previous phases of the investigation, tests were conducted 
on the cast specimens to determine the following properties: electrical 
resistivity, density, tensile properties, hardness, and resistance to 
hydraulic pressure. 
III. RESULTS 


1. CHEMICAL COMPOSITION 


The compositions of representative samples of heats melted under 
each of the different atmospheres used are given in table 1. 


TABLE 1.—Results of chemical analyses of red brass (85-5-5-5) melted and poured 
under different atmospheres 























Composition 
Atmosphere - 
Copper Lead Tin | Zine! 
% % | % 
AEE NOS TR aE See ae 85. 21 5.08 5.07 | 4. 64 
ee eer eee a ay ee 85. 14 4. 96 5.07 | 4. 83 
EERE Ree oh ae ee eee 85. 02 4.94 5.00 | 5. 04 
a SR a ee So AE ENE eR 84. 72 5. 00 5.01 | 5.27 
EE ee anne ee ES I OE 84.72 5. 00 5.01 | 5, 27 
LSS teas, fat nie Seka Soest shape, Cine eR rh. 1h™ 84. 73 §. 01 5. 07 5.19 





1 By difference. 


No marked changes in composition were caused by differences in 
the atmospheres used. The differences were very much less than the 
range in the corresponding elements permitted in a specification such 
as Federal Specification QQ-B-691a, Bronze; Castings. Any possible 
changes in physical properties should properly be attributed to changes 
in the physical condition of the em 


2. TENSILE PROPERTIES AND HARDNESS 


The tensile tests were carried out in triplicate on specimens of 
0.505-inch diameter, machined from the cast fin-gate test bars. The 
tests were conducted on a hydraulically operated machine of 50,000- 
pound capacity. The yield-strength determinations were based on 
the “‘off-set’’ method (0.001 inch per inch). The average results of the 
tensile tests are summarized graphically in figures 2 and 3. _ It will be 
noted that the tensile properties for the sand-cast bars (fig. 2) were 
consistently lower than the corresponding values for the no-side-chill 
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bars (fig. 3) in all the atmospheres used. If the results obtained in 
air are used as the basis of comparison, and account is taken of the 
deviations in the various measurements, the data in table 2 indicate 
that the only atmospheres consistently producing significant reduc- 
tions in tensile properties were hydrogen and methane. 

Brinell indentations were made on the threaded ends of the broken 
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Ficure 2.—Effect of different atmospheres during the melting of red brass (85 Cu, 
5 Sn, 5 Pb, 5 Zn) on its physical properties as determined on sand-cast fin-gate 
test bars. 


(The lines connecting points do not represent properties between the points, i.e., no interpolation can be 
made. They have been drawn only as an aid in the interpretation of the data.) 


tensile-test bars after they had been machined to produce longitudinal 
parallel flat faces, % inch wide. The indentations were made with 
a 500-kg load applied to a 10-mm ball for 30 seconds. ‘The results 
are given in figures 2 and 3, and in table 3. The effect of the en- 
veloping atmospheres on the hardness of the cast metal was not nearly 
as pronounced as on the corresponding tensile properties, although 
the general trend was the same. The differences in the hardness of 
the sand-cast and of the chill-cast specimens were not so marked as 
of the tensile properties. 
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chill test bars. 


(The lines connecting points do not represent properties between the points, i.c., no interpolation can be 
made. They have been drawn only as an aid in the interpretation of the data.) 


Ficure 3.—Effect of different atmospheres during the melting of cast red brass 
(85 Cu, 5 Sn, 5 Pb, 5 Zn) on its physical properties as determined on no-side- 
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TaBLe 2,—Tensile properties determined on Webbert and no-side chill test bars of 
85 Cu, 5 Sn, 5 Pb, 5 Zn red brass melted and poured under different atmospheres 
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lbjint| % | % | lbjint! % | % ei Bt SH FB Sl 
a Sand cast..|13, 700) 1.1)_.°__- 32, 200] 2.8)../ 29.9) 8.3/2. 28.9) 0.8) - 
ie. Chill cast__}15, 100} 3.2}____._/36,100} 9,0)_____- 34, 5} 22.9)____. oy i 
Hydrogen......--| Sand cast -|10,000] 2. 4]—27.0)16. 600] 3.9|—48. 4] 11.0] 3.8|—63.2| 11.9] 6. 1] 59.0 
De... .| Chill cast__/10, 800} 3.3) —28. 9/18, 200} 2.0)—49.6) 10.7] 7.0)/—69.0} 10.3] 2.2/—70.0 
Methane. -- .| Sand cast_.}12,400) 1.0) —9. 5/27, 200) 2.4)—15.5) 21.2) 6.1/—29.1) 22.1) 18. 5|—23.5 
Do.....------| Chill east__|15, 600} 0.5) +3.3/38,900) 1.3) +7.8) 40.1] 2.7/+16.2) 37.9) 5.8/+11.5 
Nitrogen__.....-.] Sand cast._/13, 300 .9| —3. 0/29, 400) 3.4) —8.7] 23.5) 9.2/—21.4] 26.2) 8.8) —9.3 
Do....-------] Chill cast__|14, 800} 10.5) —2. 0/33, 000) 23.6) —8.6} 26.8] 43.8]—22. 3] 25.4] 39. 3|—25.3 
Carbon dioxide...| Sand cast__|13, 500] 1.3] —1. 5/30, 300} 6.2| —6.0| 26.6] 19.8|—11.0] 26.3] 14.3| —9.0 
Do.....------| Chill cast..|15, 400} 0.3) —3.1/38,900) 1.4) +8.0) 40.2] 5.6/+16.5) 35.7] 5.4) +5.0 
Carbon monoxide} Sand cast_.|13, 800) 1.2) +0. 7/31, 800) 4.1) —1.2| 29.4) 16.3) —1.7| 26.8] 9.1] —7.2 
| eS Chill ecast_.|15, 700} 0.8) +4. a 300} 2.3) +6.1) 36.3) 11.7) +5. 2] 35.3] 14.4) +4.0 

3. DENSITY 


Determinations of density were made on the threaded ends of the 
broken tensile bars as specimens. ‘The results are given in figures 2 
and 3 and in table 3. The generalizations expressed concerning the 
difference in tensile properties of the two types of test bars and the 
relative effects of the different atmospheres on the metal hold, in 
general, also for density. 


TABLE 3.—Average values of density, electrical resistivity and Brinell hardness 
determined on fin-gate, sand-cast, and no-side-chill test bars of 85 Cu, 5 Sn, 5 Pb, 
5 Zn, alloy melted and poured under different atmospheres 












































Density Electrical resistivity | Brinell hardness 
Atmosphere Test bar ‘ier Varia- | Elec- _— Varia- ~~" Varia- 
Den- | aver- | tion trical | ayer- | tion |Num- pared tion 
sity a ¢ from resis- from ber from 
ge de-| sir tivity |98¢de-| “gir age de-| “sir 
| viation viation viation 
Microhm 
giem?| % % cm % % % % 
ee oe Sand cast 8. 59 Oe hecac.s RR 10.4 Se ae 50 yi ee ee 
POG ceccas Chill cast_ 8.81 > ee 9.6 A ere 62 2) ne 
Hydrogen .____. Sand cast_| 8.07 0.5] —6.0 12.2 0.7 | +17.5 36 1.4] —28.0 
)o.........] Chill cast_ 8. 53 9 —3.2 11.7 1.3 | +22.0 47 2.7 —24.2 
Methane.. __._| Sand cast. 8, 37 4 —2.6 10.9 0.6 | 4+5.0 43 2.3 —14.0 
a, Bee Chill cast. 8.91 a | +11 9.7 -0 7} -+1.0 63 0.8 +1.6 
Nitrogen... Sand cast_| 8,57 4] —0.2 10. 5} .5] +1.0] 49 3.0 —2.0 
,_¥0...-.....| Chill cast. 8. 80 2.2 -.1 9.8 4.9 | ¥+2.0 58 12.2 —6.5 
Carbon dioxide_| Sand cast. 8. 56 0.4 —.4 10.5 0.5 +1.0 48 1,2 —4.0 
Do....._...| Chill cast_| 8.95 -1] +1.6 9.3 6] —3.1] 61 12 -1.6 
Carbon mon- | Sand cast.} 8. 49 6] —1.1 10. 5 4] +10] 55 3.0] +10.0 
oxide, 
| ial Chill cast_ 8. 83 pe +0. 2 9.5 5 —1.0 €6 2.0 +6.5 





| Density determinations were also made on the four sections of the 
Stepped-bars as specimens. These ‘“‘steps” ranged in thickness from 
ie to % inch. The results in table 4 are also given in figure 4. To 
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illustrate in a more striking manner the effects of the various factors op 
the unsoundness of the metal, the percentage of “voids” has bee; 
calculated by the method used by Pearson and Baker [5]. The max. 
imum density obtained for the metal in the investigation was 8,95 
g/cm * (no-side-chill bar from metal melted in carbon dioxide). By 
using this value as the maximum density, the percentage of voids was 
calculated by the following formula: 











Dm-D 
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8.8 F- 
87 
86 
” 
= 
> 
84 
> 
=i + STEPPED BAR SECTION % INCH 
” ” “ “ ! ”“ 
82 y 
a x ”“ “ “ H%, “ 
8.1 @ @ a“ “ “ % “” 
80F 
l ! \ L ! 





Ha CH, No C02 co AIR 


Figure 4.—Effect of different atmospheres during the melting of red brass (85 Cu, 
5 Sn, 5 Pb, 5 Zn) on its density as determined on stepped-bar castings. 


in which Dm is the maximum density (8.96 g/cm*) and D is the 
observed density. 

It is very apparent from the graphs (fig. 4) that the density of the 
specimens of metal melted under hydrogen was in all cases very 
significantly lower than that of metal melted under any of the other 
gases. Differences among the latter in all cases were of little sig- 
nificance. It is also apparent from figure 4 that, as the thickness o! 
the ‘‘step’’ was decreased, the deleterious effect of hydrogen became 
somewhat less, that is, the unsoundness (voids) decreased somewhat. 
On the other hand, with all the other gases, as the thickness of the 
section was decreased, the unsoundness of the metal significantly 
increased, regardless of the atmosphere under which it had beet 
melted and poured. 
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TaBLE 4.—Average values of density determined on sections of cast stepped bars of 
on red brass which had been melted and poured under different atmospheres 
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4. ELECTRICAL RESISTIVITY 


Determinations of this property were carried out on the machined 
test specimens used subsequently for the tensile tests. The results 
obtained, which are shown in figures 2 and 3 and in table 3, are con- 
sistent with the condition of the metal with respect to unsoundness, 
as shown by density determinations. The sand-cast specimens, the 

; densities of which were low in comparison with the densities of the 

| no-side-chill bars, were consistently higher in electrical resistivity. 
In both sets of specimens, however, those representative of metal which 
had been melted and poured under hydrogen possessed higher resis- 
tivity. The differences in resistivity among the specimens representa- 
tive of the other atmospheres were relatively insignificant. 


5. RUNNING QUALITY 


As used here, “‘running quality’’ connotes the ability of molten metal 
to fill a sand mold of a specified size and form. The horizontal spiral 
mold described by Saeger and Krynitsky [6] was used, the length in 
inches of the spiral cavity filled by the metal being recorded as the 
measure of its running quality. The results are summarized in table 5. 
In general, the values obtained for the metal melted under the different 

™ atmospheres did not differ significantly. 


TaBLe 5.—Average values of the running qualities of red brass melted and poured 
he under different gas atmospheres 
i Pouring temperature 1,150° C (2,100° F). (One spiral casting for each melt; two melts for each 
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be No tests were conducted with metal melted under carbon monoxide. A rather sng interval elapsed 
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in the design of the spiral pattern were made, which rendered the results obtained by its use not strictly 
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6. SOUNDNESS OF CASTINGS 


Hydraulic pressure testing of hollow cylindrical castings, cast 4; 
shown in figure 5, was used to determine the soundness of finished 
castings. The water within the castings, maintained under a pressure 
of 300 lb/in.?, contained a bluedye. The appearance of blue coloration 
on the exterior surface of the casting under test served as evidence 











Figure 5.—Cast hollow cylinders used in pressure tests. 


of leakage outward through the \-inch wall of the cylinder. If no 
evidence of leakage was found after the pressure had been maintained 
for a 1-minute period, the specimen casting was rated S, sound, and 
those that failed, as NS, not sound. Specimens which satisfactorily 
withstood this test were subjected subsequently to a pressure of 600 
Ib/in.? The results are summarized in tables 6 and 7. 
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Tape 6.—Results of hydraulic pressure tests of hollow cylinders of red brass 
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’S, sound (no leakage under pressure); NS, not sound (leakage under pressure). 
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TABLE 7.—Summary of results of the hydraulic pressure tests 
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.Percentage of specimens passing pressure test at— 





Atmosphere 300 Ib/in.* 600 Ib/in.! 





Cast-to- | Machined- - Mechined- 
size to-size to-size 
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75 
100 
83 
100 
25 
50 

















The results of previous investigations have shown the cast-to-size 
specimens to be more impervious to leakage of water under pressure 
than companion ‘“‘over-sized’”’ specimens which had been machined to 
size. ‘The superiority of the cast-to-size casting has been attributed 
to the presence of a surface “‘skin.’””’ With one exception, similar re- 
sults were obtained with the castings representative of the metal 
which had been melted and poured under a special atmosphere. The 
exception, metal melted and poured in air, is unexplainable, since the 
results of the similar tests with metal melted in air in the earlier phases 
of the investigation [4] were consistent with the general rule. 

The results of the tests summarized in a foregoing section showed 
that metal melted under hydrogen is, as a rule, physically unsound. 
It will be noted, however (table 7), that the unmachined castings of 
such hydrogen-treated metal were definitely superior to companion 
castings of metal which had been melted under carbon monoxide, and 
only slightly inferior to castings of nitrogen-melted metal. For speci- 
mens ip the machined condition, however, the situation was changed. 
All of the cylinders of hydrogen-melted metal leaked under pressure, 
as did also those representative of metal melted under carbon mon- 
oxide and carbon dioxide. The fact is noteworthy that all of the 
specimens, cast-to-size or machined-to-size, which withstood the pres- 
sure of 300 lb/in.? without leaking, also withstood satisfactorily the 
higher pressure, 600 lb;in.? 

It is evident that physical unsoundness, as based upon density and 
the results of mechanical tests, is not a satisfactory single criterion o! 
the behavior of the castings under pressure, especially if the casting 
has not been machined prior to testing. 


7. MICROSTRUCTURE 


Micrographs representative of the structure of the metal after 
being melted and poured under the various atmospheres used are 
assembled in figures 6 and 7. Electrolytic polishing was used {or 
preparing the surfaces for examination. It is believed that the re- 
moval of the soft constituent, lead, was reduced to a minimum I 
this way. The micrographs show that no characteristic microstruc- 
tural changes resulted from melting the alloy under any of the gases 
used. The most significant feature revealed was the presence of 
large voids in the hydrogen-melted metal, which confirms and supple- 
ments the other evidences of physical unsoundness of metal melted 
under hydrogen. 





Journa Research of the National Bureau of Standards Research Paper 1553 


omer 
ms @ 


eat », 
aoe %. Oo gaa 
.@ res ee H i] 


x Pape “ ’ ” \ if Ne . 
Ee .. \ ei ee ier: 


Fieure 6.—Structure of red brass (85 Cu, 5 Sn, 5 Pb, 5 Zn) melted and poured 
under the different atmospheres. 


Air; B, nitrogen; C, carbon monoxide; D, carbon dioxide; FL, methane; F, hydrogen. 
Unetched, 100. 
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Ficure 7.—Structure of red brass (85 Cu, 5 Sn, 5 Pb, 5 Zn) that has been melted 
and poured under different atmospheres. 


A, Air; B, nitrogen; C, carbon monoxide; D, carbon dioxide; Z, methane; F’, hydrogen 
Etched electrolytically in 10-percent ammonium persulfate. 100. 
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It has been demonstrated by Allen [7] that porosity of commercial 
copper ingots consists of a large number of very minute holes very 
evenly distributed. ‘The unsoundness of the hydrogen-metal alloy, 
on the other hand, consisted invariably of relatively large cavities 
joined together at the center of the ingot. A reduction in the porosity, 
caused either by a decrease in the rate of cooling or by a reduction 
of the pressure of the gas under which the metal was melted, resulted 
in a decrease in the number of holes but not in their relative size. 


8. MELTING IN VACUUM 


Attempts were made, in a high-frequency induction furnace de- 
signed especially for such work, to melt the alloy and to cast it in 
vacuum. In the special furnace used, the metal after being melted 
in vacuo was poured into the mold without being removed from the 
evacuated melting chamber. A 30-pound charge of the alloy (Cu, 
84.4; Sn, 5.00; Pb, 4.95; Zn, 5.65) was placed in a graphite crucible, 
and the furnace was evacuated to a pressure of 0.2 mm of mercury 
before the heating was started. Melting was started after 22 minutes 
of heating, but had to be discontinued 2 minutes later on account of 
the excessive volatilization of zinc which coated the observation 
window and threatened to damage the evacuating system or the 
heating coil. 

IV. DISCUSSION 


The results summarized in the foregoing sections have definitely 
shown that no significant change in composition or microstructural 
condition results from melting red brass in any of the special atmos- 
pheres used. The decreases in strength and other properties which 
were noted must therefore be attributed to changes of some other 
kind. The changes in properties can be accounted for satisfactorily 
by the physical unsoundness of the specimens, which in some cases 
was very pronounced, particularly the specimens melted in an at- 
mosphere of hydrogen. Since the unsoundness of the cast specimens 
arises during solidification, it follows that gas must have been held 
in solution in the molten metal and then evolved as freezing of the 
metal occurred. Two factors are therefore of interest: (a) the solu- 
bility of the different gases in the molten copper alloy, and (b) the 
effect of the rate of cooling during solidification on the evolution of 
the a during freezing (or on its possible retention in the solidified 
metal). 

Information in the technical literature on the effects on molten 
copper alloys of the gases used in this investigation is scanty and 
contradictory. Both Allen [7] and Daniels [9] have reported nitro- 
gen, carbon monoxide, and carbon dioxide to be inert so far as pro- 
ducing physical unsoundness in copper and copper-base alloys is con- 
cerned. According to Daniels, these gases, if soluble at all in molten 
copper, are not liberated as bubbles as the metal solidifies under ordi- 
hary conditions. According to Pearson and Baker [5], carbon mon- 
oxide is only slightly soluble in molten bronze, 90 Cu-10 Sn, and the 
mechanical properties are not seriously impaired thereby. 

Hesse [8] assumed that vacuum melts of a Cu-Sn-Ni-Zn alloy con- 
tained no gas and concluded that carbon monoxide did not promote 
Porosity of the alloy. According to his results, hydrogen and water 
vapor were most effective in causing porosity, sulfur oxide and air 
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were next in order with a decided decrease in porosity, and carbon 
dioxide, nitrogen, oxygen, and carbon monoxide caused very slight 
porosity, the effect of carbon monoxide being least of all. In general 
the conclusions expressed by the previous investigators were confirmed 
by the results of the present study. The tensile properties and the 
electrical resistivity of the cast alloy after melting and pouring jin 
nitrogen, carbon dioxide, air, or carbon monoxide did not. differ 
significantly for the different atmospheres. 

All investigators agree, however, that the effect of hydrogen on the 
molten metal is distinctly different. According to Bailey [10], hydro- 
gen is readily soluble in many molten metals and Prytherch [11] showed 
that hydrogen is soluble in molten copper and that its solubility is 
markedly reduced at the freezing point of copper. Decided difference 
of opinion has been expressed concerning the practical significance of 
the decreased solubility at the freezing temperature. According to 
Prytherch, this change results in unsoundness when copper is chill- 
cast, although the degree of unsoundness may vary with the rate of 
solidification and other conditions. Allen [7] has stated that, whereas 
commercial copper chill-cast is dense, the reverse is true for hydrogen- 
treated copper. A chill-cast ingot of such copper is unsound, and the 
numerous large holes formed show a tendency to join together at the 
center of the ingot. On slower cooling, however, fewer holes are 
formed, and if the cooling rate is slow enough none are formed. 
Substantially the same conclusion was expressed by Daniels [9] 
_ the cooling rate ot hydrogen treated bronze (88 Cu, 10 Sn, 
2 Zn). 

Bailey [10], on the other hand, has reported differently, basing his 
conclusions on investigations made by the British Nonferrous Metals 
Research Association. The effect on the soundness of bronze (5 
percent of tin) produced by bubbling hydrogen through the molten 
metal for 30 minutes, together with the results of a similar test with 
nitrogen for 60 minutes, are summarized below. 


. 7 1.2 percent of voids in chilled ingot. 
Nitrogen, 60 minutes, 1,200° c...{5% percent of voids in sand-cast ingot. 


. 2.5 percent of voids in chilled ingot. 
Hydrogen, 30 minutes, 1,190° C..197 percent of voids insand-cast ingot. 


If it is assumed that the unsoundness after nitrogen treatment is 
due to shrinkage only, the increased unsoundness after hydrogen 
treatment must be associated with the evolution of hydrogen during 
solidification. If this assumption is granted, it will be noted that 
hydrogen treatment increased the voids in the chill-cast bars by 1.3 
percent and in the sand-cast bars by 5.9 percent. As stated by 
Bailey, it is difficult to explain this except by the retention of more gas 
in solid solution in the case of the chill-cast bars. Definite evidence 
is lacking as to whether rapid cooling causes the retention of gas 
(hydrogen) in the metal in the solid state. 

At the temperature of casting (about 1,200° C, or 2,200° F) methane 
is appreciably dissociated into hydrogen and carbon. It is probable 
that the hydrogen thus liberated labaves like the hydrogen introduced 
directly in the other tests. 

Although no data are available on the rate of solidification of the 
specimens cast in the present investigation, there can be no doubt 
that the cooling rate of the chill-mold castings was greater than that 
of the sand-cast (Webbert) bars. It may also be safely assumed 
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that the cooling rate of the chill-mold castings was only slightly 
greater than that of the stepped-bar casting. In the latter, the 
cooling rate of the various “‘steps” increased with decrease in thickness 
of the section. The greater soundness of the chilled castings relative 
to that of the sand-cast bars, as revealed by the superior strength 
and density and low electrical resistivity of the chill-cast metal, oa 
already been presented. These results are not in line with those 
reported by Prytherch, Allen, and Daniels, but rather confirm Bailey’s 
conclusion that more hydrogen is retained in solid solution in chill-cast 
metal than in sand-cast metal. Other supporting evidence is the 
fact that the soundness of the different ‘‘steps” of the stepped bars, 
melted and poured in a hydrogen atmosphere, increased with decrease 
in thickness of the section (fig. 4). The opposite results noted in the 
cases of the stepped bars, melted and cast in the other atmospheres, 
can be taken as indicative of greater evolution of these gases with 
increased rate of solidification. 


V. SUMMARY 


1. As the concluding phase of an extended investigation of red 
brass (Cu, 85; Sn, 5; Pb, 5; Zn, 5), the effects of gaseous “‘impurities”’ 
were studied. Such impurities might be expected according to the 
nature of the ambient atmosphere during melting and pouring of the 
metal. The general method used was the same as that used in 
previous phases, except that the melting and pouring of the stock 
alloy, which had been prepared from virgin metals, were carried out 
in a carefully controlled atmosphere. The following atmospheres 
were used: hydrogen, nitrogen, methane, carbon dioxide, carbon 
monoxide, and air. 

2. Chemical analysis of the metal, after being melted and poured 
under the various gases used as enveloping atmospheres, showed no 
significant changes in composition. 

3. The effect of the ambient atmosphere on the tensile properties, 
hardness, and density of red brass melted therein was found to be 
different for sand-cast specimens than for chill-cast specimens. The 
properties of the sand-cast bars in general were inferior to those of the 
other set. For both the sand-cast and chill-cast bars, hydrogen and 
methane had deleterious effects. In both cases, the detrimental effect 
of hydrogen was most pronounced. 

4. Regardless of the atmosphere under which the alloy was melted, 
the electrical resistivity of the chill-cast bars was considerably lower 
than that of the comparison bars cast insand. In both cases, however, 
the electrical resistivity of the hydrogen-treated metal was much 
higher than that of the alloy melted under other gases. 

5. The soundness of finished castings was determined by hydraulic 
pressure tests conducted on hollow cylinders by means of specimens 
cast-to-size and also over-size castings machined-to-size. The results 
of previous investigations were confirmed in showing the importance 
of the “skin” of the casting in securing superior resistance to leakage 
under pressure. This was true regardless of the special atmosphere 
under which the metal was melted. The highest percentage of 
specimens showing no leakage under pressure were representative of 
metal melted under an atmosphere of methane or nitrogen, the lowest 
percentage was for specimens of metal melted under carbon dioxide. 


6. The effect of section thickness on density was determined on 
543158432 
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stepped-bar castings, the thickness of the various steps ranging from 
%6 to % inch. The density of hydrogen-melted metal was lower thay 
that of the metal melted under any other atmosphere. It is note. 
worthy, however, that the soundness of the hydrogen treatment in the 
various “‘steps’’ increased with decrease in thickness of the section, 
The opposite condition obtained in all other cases. 

7. The running quality of the metal, as shown by the length of 
horizontal spiral sand-casting, was found not to differ significantly {o; 
the different atmospheres under which the metal had been melted. 

8. Microscopie examination showed no significant change in the 
microstructure, which is typical of an alloy of the composition used. 
A high degree of unsoundness (voids) was found to be characteristic 
of the metal which had been melted under hydrogen. Practically al] 
of the differences in properties noted for the specimens from the 
special atmospheres, can be satisfactorily explained on the basis of 
this structural feature. 

9. Attempts to melt and cast the alloy in vacuum, without exposure 
to any atmosphere whatsoever, to secure other data on melting and 
casting resulted in complete failure on account of the excessive 
volatilization of zinc in the alloy. 


10. The most important conclusion of this investigation is the J 


marked deleterious effect of the hydrogen retained by the metal after 
being melted in a hydrogen atmosphere. The deleterious effect can 
be attributed to the unsoundness (voids) resulting as the gas is evolved 
from the solution. 


Acknowledgment is made to L. D. Jones, senior molder, for his able 
assistance and helpful suggestions during the planning and progress of 
the work. 
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ELECTRICAL AND MECHANICAL PROPERTIES OF THE 
SYSTEM BUNA S-GILSONITE 
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ABSTRACT 


Buna S compounds containing gilsonite have gah vio that render them 
suitable for the insulation of communication cables. The principal limitation of 
these compounds as produced at the time of this investigation was that Buna S 
contained constituents which caused relatively high water absorption. Electrical 
measurements were made of gilsonite and of compounds of Buna § containing 
from 0 to 56 percent of gilsonite by volume, i. e., from 0 to 150 parts by weight 
per 100 parts of Buna 8 and 12 parts of other ingredients. The base compound 
contained, in parts by weight: Buna 5S, 100; stearic acid, 2; zine oxide, 5; accelera- 
tor, 2; and sulfur, 3. The dielectric constant of this base compound at 1,000 
cycles per second was 2.85, and the power factor 30 10-‘; the d-e conductivity 
was 1110-6 mho/em 1 minute after application of potential. Under the same 
conditions the dielectric constant of the gilsonite alone was 2.60, the power 
factor 1510-4, and the conductivity less than 210-!* mho/em. Most of the 
requirements of the United States Coast Guard specifications for the insulation 
of submarine cable were met by a compound containing 25.6 percent of gilsonite 
by volume, or 40 parts of gilsonite by weight per 100 parts of Buna § and 12 parts 
of other ingredients. ‘This compound had the following properties: dielectric 
constant at 1,000 cycles per second, 2.78, and power factor, 65 10-‘; d-c con- 
ductivity, 410-6 mho/em; tensile strength, 1,200 lb/in?; ultimate elongation, 
470 percent; tensile stress at an elongation of 200 percent, 560 lb/in?. At the 
frequencies at which the measurements were made, namely 100, 1,000, 7,500, and 
100,000 cycles per second, the dielectric constant of the base compound decreased 
from 2.88 to 2.78, and the power factor increased from 1510-4 to 14510-4. 
The change with frequency became smaller with additions of gilsonite. Ex- 
traction of the Buna S$ with water before compounding removed about 0.8 per- 
cent of water-soluble materials and reduced the absorption of water to about 
one-third of the value for the commercial material. The change of dielectric 
constant on immersion in water was reduced by prolonged washing of the Buna §, 
but the power factor was little affected. 
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I. INTRODUCTION 

When Buna S, a copolymer of butadiene and styrene, is vulcanized J |i; 
without fillers by the present methods, it has good electrical properties J pe 
but is too weak and tears too readily to be of much practical use, I §; 


The addition of carbon black develops mehanical strength at the Hp; 
expense of good electrical properties. By compromising on relatively po 
small amounts of carbon black, e. g., 10 percent, it has been possible Hi am 
to obtain insulating compounds that would serve certain limited 9 i}, 
uses [1]'. This loss of electrical quality is avoided when gilsonite is I ¢le 
used as a filler instead of carbon black. The gilsonite does not have J of 
as much reinforcing action as carbon black, but it imparts sufficient 
strength and resistance to tear and compression-cutting for the 
compound to serve many practical purposes. | 

The use of gilsonite as a compounding material for Buna § was 
suggested by the fact that it or similar materials have been employed 
successfully as a compounding ingredient in natural rubber to meet 
the exacting requirements of the submarine communication cables 
used by the United States Coast Guard. Gilsonite has the advantage 
that it is available from domestic sources in quantities adequate for 
any reasonable demand [2]. 

Although the present investigation was undertaken for an immedi- 
ate practical objective, the results constitute at the same time a smal! 
contribution to the general subject of heterogeneous dielectrics. A 
discussion of this problem as apulied to rubber-filler systems was given 
in a recent paper [3]. 


qu 


II. MATERIALS 


For this investigation, specimens were prepared having Buna S$ and 
gilsonite as their principal constituents. The minor ingredients— 
stearic acid, zinc oxide, sulfur and accelerator—were used to facilitate | 
the processing and vulcanization of the specimens. 

Gilsonite is a natural asphaltlike solid of high softening point [4!. 
The gilsonite used in this study was ground material of a grade 
commonly furnished the rubber trade. The fineness was such tha! 
100 percent passed through a No. 100 sieve, and 90 percent was retained 9 we 
on a No. 200 sieve. The softening point as determined by the ring: @™ pa 
and-ball method was 153° C, the density at 25° C was 1.0408 g/cm’. Hm as 
Analytical determinations on the gilsonite by the usual methods gave thi 
the following data: r 


1 Figures in brackets indicate the literature references at the end of this paper. 
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Percent 
: ROR I hi id, o a Sk Be ee ade 0.5 
i RO MRECN oe oe eine seeee se Cae eae 4.9 
of Me et Pee a oe cues Dein 0.3 
W Insoluble in carbon tetrachloride. .._......------ REF 1 
“) Soluble in carbon disulfide. ...........-.-.------ Cretan 99. 9 
r Fixed carbon (ASTM D-168-30) ----_-.-------------- 14 


55 The Buna S was obtained from the Standard Oil Co. of New Jersey 
and was regarded as typical of their production in the spring of 1942. 
37 MB Partial analysis of the Buna S used in this investigation showed 


58 Percent 

60 RO NG igen cea donnie Re nepe ide wake esau 1.3 
PU Aca. at aS el 8 a a ge ee ee 2 Pe Se 3. 7 
PI Bie ois BiG tas <a paket o bom a gh ab ele Mad «se 2. 
al a A a RN eS i a Es gai 3.9 


od HB Its density at 25° C was 0.9390 g/cm* [5]. This density was about 1 
es MM percent higher than the density observed for a sample prepared in the 
¢. H® Firestone laboratories by polymerization with a minimum quantity of 
he @ materials other than butadiene and styrene [5]. In the commercial 
ly @® polymerization of Buna §, catalysts, emulsifying agents, modifying 
le HP agents, and coagulating agents are used. These materials remain in 
ed i the manufactured polymer in appreciable quantities and affect the 
is §® electrical behavior of the polymer, as discussed in a subsequent section 
ve @&® of this paper. 

nt 

he III. PREPARATION OF SPECIMENS 


i Slabs and insulated wires were used for electrical measurements and 
-q Sweets for mechanical tests. 


et 1. COMPOSITIONS 
es a : ; 
| A series of compounds was prepared by the addition of increasing 











ve ee e . . «24 

or Me Wu2utities of gilsonite to a base compound of the following composition: 

li Base compound A 

“ Parts b 

Op} . arts Dy 

e Ingredients weight 
SE TE SE i TEN A 100. 0 

nd Stearic acid_---...-..-- 2. 0 

i Zine oxide. ...........- 5. 0 
ESP en oe 3. 0 

te Santocure ?___.___.___. 2. 0 

4], 112.0 

de 














at The successive proportions of gilsonite added to base compound A 
ed B® Vere 25 parts, 40 parts, 70 parts, and 150 parts by weight per 100 
i @® Pets of Buna S. Phenyl-beta-naphthylamine was already present as 

« stabilizer in the Buna S as furnished by the manufacturer. Since 
this also served as an antioxidant, no other antioxidant was necessary. 


orn etocure is an accelerator, described by the manufacturer (Monsanto Chemical Co.) as a “reaction 


uct of cyclohexylamine and mercaptobenzothiazole.” 
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2. COMPOUNDING 


The mixing of all constituents except the sulfur and the acceleratg 
was done in an internal mixer of the Banbury type, which was heate 
by a steam jacket throughout the mixing. The highest temperatun 
obtainable by this method, about 135° & appeared to give the best 
dispersion of gilsonite in Buna S. In this laboratory-size internal 
mixer (capacity 550 cm*® of compound) it was found necessary to 
masticate the batch for 30 minutes or more to obtain highest valves 
of modulus of elasticity and tensile strength in the vulcanizate. The 
sulfur and accelerator were added later on the roll mill in the usual 
way. 

Completion of the milling is best judged by pulling a bit of the 
mixture between the fingers. If the mixture gives a short ragged 
break, further milling is necessary, but if the mixture gives an easily 
distinguished long stringy break, the dispersion has progressed enough 
to produce a strong vulcanizate. 

When certain waxes were used, this relatively high degree of dis 
persion was obtainable in less than half the time required when the 
Buna S and gilsonite were used alone. To keep the composition 
simple, no wax or softener was used. However, such softeners with 
low power factor and low dielectric constant are available commer- 
cially, and in work not here reported were found to facilitate the 
mechanical operations of mixing and extrusion. 


3. MOLDING AND VULCANIZATION OF SLAB SPECIMENS 


To prepare material as nearly free from air as possible, slab speci- 
mens for the electrical measurements were formed in the following 
manner, similar to that described by Scott and McPherson [3]: After 
the first mixing, the stocks were allowed to stand for a few days and 
then remilled and sheeted. The sheet was cut into strips about 3 em 
wide and 15 cm long. Two such strips were laid, one on top of the 
other, across the center of a 15x 16X0.6-cm rectangular mold, the 
cover was pressed down, and the strips were pressed out together. 
The material was so restrained by the sides and faces of the eal that 
it could flow only toward the ends of the mold. The cover was re- 
moved, another strip was added, and this procedure was repeated 
until the mold was completely filled. The sheet so formed was cut 
into strips 15 cm long and 3 cm wide, and the filling process was 
followed as before by plying the strips up in the center of the mold, 
and successively pressing out the plies. This process was repeated 
three or four times. Specimens made in this way were more nearly 
free from air than those made by any other method that was tried. 

The specimens were then vulcanized’ at 162° C for 60 minutes 
Vulcanization was complete in about 20 minutes, but, because of the 
great recovery or “nerve” of Buna S, it was considered desirable te 
continue heating for the longer period in order to obtain specimens 
for capacitance measurements that would maintain the requisite 
uniformity of dimensions. Continued heating beyond the time 
required for vulcanization did not greatly affect either the mechanica: 
properties or the electrical properties of the finished specimens 4 
much as continued heating would have affected the same propertles 
of natural rubber.. This is shown by the fact that a specimen C0 
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taining 25 parts of gilsonite by weight per 100 parts of Buna S, after 
9) minutes of vulcanization at 162° C had a dielectric constant of 
984 (1,000 cycles per second and 25° C) and a power factor of 
s9X10~*, whereas two specimens vulcanized at 162° C for 60 minutes 
had dielectric constants of 2.82 and 2.83 and power factors of 64 10~* 
and 72X10~*, respectively. Furthermore, it is shown in figures 1 
and 2 that there is little impairment of tensile strength and elonga- 
tion with heating beyond the time required for vulcanization. 

Dumbbell-shaped specimens for tensile and brittleness tests had a 
constricted portion 0.25 in. wide and gage marks 2 in. apart. Com- 
pression-cutting specimens were 1-in. squares, 0.1 in. thick. Hard- 
ness specimens were strips 0.25 in. thick. 


4. EXTRUSION ON, CONDUCTOR 


Since the effect of water absorption on the electrical properties can 
conveniently be studied with specimens in the form of insulated wire, 
sme Wire was insulated with base compound A mixed with 40 parts 
by weight of gilsonite per 100 parts of Buna S. This compound was 
selected because it had good mechanical properties. The stock con- 
tained enough gilsonite so that it could be extruded smoothly, yet 
not so much that it would be stiff when cold or too tacky when hot, 
efects which occur when more gilsonite is used. This mixture when 
vulcanized had approximately the highest tensile strength and 
dongation obtainable from any compound of the constituents. 

For extrusion on wire the stock was preheated on the rolls to about 
70°C. It was then extruded around No. 12 AWG (0.205 cm in diam- 
eter) aluminum wire by means of asmall commercial tubing machine. 
Thermometers were placed in wells drilled in the head and in the die 
holder of the machine. The best extrusion of the stock was obtained 
when the temperature ofthe stock and the die were held somewhat 
higher than that required for natural rubber. The die was kept at 
about 80° to 85° C. 


IV. MECHANICAL PROPERTIES 


The mechanical properties studied were density, elastic behavior, 
hardness, and brittleness at low temperatures. These were observed 
under a variety of conditions. In most respects the mechanical prop- 
erties were sumilar to those of compounds of natural rubber containing 
sisonite, the chief differences being that the Buna S stocks were stiffer, 
uid when properly vulcanized, gave lower values of the tensile 
strength. Processing operations such as milling, molding, and ex- 
trusion seemed to proceed best at temperatures higher than those used 
for natural rubber. 


1. DENSITY 


To compute volume and thickness, density measurements were made 
by means of hydrostatic weighings on vulcanized specimens prepared 
for electrical tests. The results of the density determinations are 
given in table 1. Since the density of gilsonite, 1.0408 g/cm‘, is 
very near the density of vulcanized base compound A, 1.0028 g/cm’, 
all of the vuleanized compounds containing gilsonite in the propor- 
lions used in this study had about the same density. 
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TaBLE 1.—Change in volume of Buna S-gilsonite compounds on vulcanization 








——. 


Propor- | Gilsonite} Density at} Num- | Density of specimens mea- | ., . 
tion of | content | 25° C com-| ber of sured at 25° C Shrinkage 
gilsonite | of vul- | puted for | speci- in volume 
to Buna| canized | unvulcan- | mens resulting 

8 by speci- | izedcom- | exam-}| Maxi- | Mini- from vul- 
weight mens pounds ined mum mum Canization 





Base material 





__— 


Parts per 
100 parts | Percent 
of Buna S| by volume g/cm 3 g/cm’ Percent 
0.00 0.00 5 . 1. 0023 1. 0028 0.4 
25. 00 17. 70 . 00% : 1. 0086 1. 6098 0.69 
40. 00 25. 57 . 006 ‘ 1.0107 | 1.0114 0.48 
p 70. 00 37. 60 : 5 1.0170 1.0172 0.53 
BUNTY on coca deteaasiconie 150. 00 56. 30 . 02 2 . 02 1. 0230 1. 0236 0 % 
Gilsonite « 100. 00 ¢ 1.0405 1. 0408 





























1 Base compound A contained, in parts by weight: Buna §, 100; stearic acid, 2; zinc oxide, 5; Santocure, 2: 
and sulfur, 3. 


2. REDUCTION IN VOLUME ON VULCANIZATION 


The densities of the unvulcanized compounds computed from the 
densities of the ingredients are shown in the fourth column of table |, 
A comparison of these values with the observed densities of the vul- 
canized compounds given in the eighth column gave the percentage o{ 
shrinkage on vulcanization shown in the last column. This reduction 
in volume is approximately proportional to the volume of Buna § 
present, and is presumably brought about by the reaction of the Buna 
S with sulfur. Assuming that all of the sulfur goes into combination, 
this shrinkage amounts to about 60 percent of the volume of the con- 
bined sulfur. A similar shrinkage occurs during the vulcanization of 
natural rubber [7]. 


3. STRESS-STRAIN CHARACTERISTICS 


Tensile tests of from 3 to 15 dumbbell-shaped specimens of each 
cure and composition were made in accordance with the procedure 
described in Federal Specification ZZ—-R-601la, Rubber Goods; 
General Specifications (Methods of Physical Tests and Chemical 
Analyses). 

The stress-strain characteristics of the compounds were found to 
depend on the following factors: (1) dispersion of filler, (2) tempers- 
ture of vulcanization, (3) length of time of vulcanization, (4) propor- 
tion of gilsonite. It was found that the stiffness and tensile strength 
of the compounds were increased by improving the dispersion of the 
gilsonite, lengthening the time of cure, and increasing the temperi- 
ture of vulcanization within limits. The maximum tensile strength 
was obtained from a composition of 40 parts of gilsonite by weight 
per 100 parts of Buna S. There is very little danger of overcure, 
these compounds may be held at 162° C for an hour or more with 
very slight loss in either strength or extensibility, as may be seel 
from figure 1. 

The dispersion of gilsonite appears to be affected by the tempert- 
ture and time of mixing in the internal mixer, as well as by the presence 
of “‘fluxing’’ ingredients, such as stearic acid, waxes, or softener. 
These materials may shorten mixing time. However, similar disper 
sions may be obtained without the addition of fluxing ingredients by 
prolonged working. With Buna S no deleterious break-down wis 
observed as a result of prolonged working so long as the mixilj 
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emperature was kept high. The state of dispersion was judged, as 
mentioned above, by pulling some of the compound between _the 
fngers to observe whether it pulled out “stringy” or “‘short.’”’ Gen- 
erally, any gilsonite compound that is stringy is clear and uniform in 
color when a thin portion is held to the light, whereas a compound 
which tears short and ragged is often flecked with visible particles of 
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Ficure 1.—Effect of temperature and time of vulcanization on the tensile properties 
of a compound containing 40 parts of gilsonite by weight per 100 paris of Buna S. 


gisonite. ‘These conditions, which we have interpreted as evidences 
of good or poor dispersion, have been found to be associated with 
good or poor mechanical strength. Other evidence of imperfect dis- 
persion in certain batches was found in a flaked structure apparent in 
broken tensile specimens. 

Compounds vulcanized at 162° C, the highest temperature used, 
had the highest tensile strength, the highest tensile stress at 200- 
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Figure 2.—Effect of temperature and time of vulcanization on the tensile properties 
of acompound containing 26 parts of gilsonite by weight per 100 parts of Buna S. 


Percent elongation, and the highest ultimate elongation of any 
compounds tested. Irrespective of how long vulcanization was 
continued at a low temperature, the compound was found not to 
attain as high a tensile strength as when vulcanized at a higher 
‘mperature. This is seen by a comparison of the values of tensile 
Properties obtained from the 162° C cure with values obtained from 
the cures at 148° and 134° C (figs. 1 and 2) for both of the compounds 
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containing 40 parts and 25 parts of gilsonite by weight per 100 parts 
of Buna S. 

Gilsonite softens at 153° C (ball-and-ring test). The greater tensile 
strength obtained by vulcanization at 162° C may be due to softening 
of the gilsonite and consequent better interfacial wetting. Flow may 
occur in the filler phase as well as in the rubber matrix. ; 

When several separately compounded batches of the same com. 
position were examined, it was found that the tensile properties varie 
more than is ordinarily observed in successive batches of compound 
of crude rubber. For example, 5 batches of a compound containing 
40 parts of gilsonite per 100 parts of Buna S yielded values of tensi: 
strength from 990 to 1,450 lb/in.? Similarly, the tensile stress 9 
200-percent elongation ranged from 470 to 620 lb/in.? and the ultimate 
elongation from 420 to 540 percent. These variations may hay 
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Figure 3.—Effect of gilsonite on tensile properties of Buna S compounds. 


Cure: 20 minutes at 162° C. 


resulted from differences in the degree of dispersion or wetting 
the gilsonite. a 
The relation of the tensile properties to the percentages of gilsonit 
is shown in figure 3. The tensile strength of the base compound wis 
180 lb/in.? and was found to increase with additions of gilsonite to: 
maximum of 1,235 lb/in.? for a composition of about 40 parts of gil 
sonite per 100 parts of Buna S, and to fall off with further additions 
to 745 lb/in.? for 150 parts of gilsonite. The greatest value of ultt 
mate elongation, 465 percent, was also obtained from the compositi0l 
containing 40 parts of gilsonite. ¥ oe 
Tensile modulus of elasticity increased with additions of gilsonite; 
for 40 parts of gilsonite the tensile stress at 200-percent elongatia 
was 565 lb/in.? For the extremes in composition, namely, compounés 
containing no gilsonite and those containing 150 parts of gilsonite 
the ultimate elongations were less than 200 percent, and for this 
reason the tensile stress at 200 percent elongation, of course, canll0 
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be represented on the curves. The compound containing 70 parts of 
ilsonite by weight per 100 parts of Buna S had a tensile strength of 
1155 lb/in.2, a tensile stress of 725 lb/in.? at 200-percent elongation, 
gad an ultimate elongation of 370 percent. Since these properties 
srenot greatly inferior to those of a compound containing less gilsonite, 
the utilization of such a compound might be desirable from the stand- 
point of extending the supply of Buna S. 


4. BEHAVIOR AT LOW TEMPERATURES 


The compound containing 40 parts of gilsonite per 100 parts of 
Buna S was tested for hardness over a range of low temperatures with 
4 Shore Durometer [8]. The values obtained are shown in figure 4. 
The values of hardness at the three highest temperatures were obtained 
after the specimens had been held at these temperatures about half an 
hour and were checked by measurements on the specimens held at the 
mperatures overnight. The values of hardness at the lower 
temperatures were observed shortly after the specimens were brought 
to these temperatures in an alcohol bath cooled by dry ice. 

A test for brittleness was made by observing the highest temperature 
at which a clamped tensile specimen would break when abruptly bent 
at right angles with pliers. The brittle point was found to be about 
-53°C. This may be compared with the brittle point of a gum 
compound of Buna S containing no filler reported as —65.5°C [9]. At 
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Figure 4.—Hardness and brittle point of the Buna S-gilsonite compound con- 
taining 40 parts by weight of gilsonite per 100 parts of Buna S. 


the temperature at which brittleness was observed the Shore hardness 
lumber had not reached 100, as shown in figure 4. 


V. ELECTRICAL PROPERTIES 


The electrical properties studied were dielectric constant, power 
actor, and direct-current conductivity. The dielectric strength was 
determined for one compound for comparison with certain specifica- 
ions, as described in a later section. 

Rectangular specimens prepared as described earlier were used for 
he study of the electrical properties. Rectangular tinfoil electrodes 
Were applied to the two faces of the specimens by means of a thin film 
of vaseline and were rolled down by means of a narrow roller. One 
Hectrode extended to the edges of the specimen and the other was cut 
to leave an uncovered margin having a width greater than three times 
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the thickness of the specimen, as recommended in a previous pape 
[10]. No guard rings were used for either the direct-current ¢op. 
ductivity measurement or for the dielectric-constant and power. 
factor measurements, since tests showed that the same values of cop. 
ductance were obtained whether or not guard rings were used, Thy 
areas of the electrode and of the specimen were measured with , 
steel scale. Thickness was found by dividing the volume, as deter. 
mined by means of hydrostatic weighings, by the area of the spec. 
men. 








1. DIELECTRIC CONSTANT AND POWER FACTOR 
(a) METHOD OF MEASUREMENT 


The measurements of capacitance and power factor were made by 
means of a conjugate Schering bridge, as described in a former pape 
[3]. This bridge is similar to one described in the ASTM standard 
method for measuring capacitance and power factor [11]. 

Two types of detectors were used with this bridge, depending o 
the frequencies. For 7,500 cycles per second and lower frequencies a 
tuned amplifier was employed having a galvanometer to indicate the 
output. For 100,000 cycles per second a regenerative radio receiver 
was used as the detector. The receiver was set for such regeneration 
that it oscillated, and then was tuned so that the oscillations produced 
a beat note of 1,000 cycles per second in the headphones when the 
current from the bridge was applied to the input of the receiver. 

In making a measurement of capacitance and power factor, the 
bridge was balanced with the specimen connected in parallel witha 
standard capacitor and again with only the standard capacitor in the 
bridge circuit. 
=. The capacitance of the specimen, C, is given by 











Cac Co,” ms c. 


where 
C,/’=Setting of standard capacitor with the specimen 
not connected. 
C,’=Setting of standard capacitor with specimen con- 
nected in parallel. 
Corrections for edge capacitances were applied as described in 4 
previous paper [10]. Thus dielectric constant is given by 





C—C, 
as 2 6 
where 
C=Capacitance of specimen in micromicrofarads, 
C an 4,28 
. 206? 
_1.113A 
v 4b ? 
Cn=0.0405P, 


P=Perimeter of small electrode in centimeters, 
b=Thickness of specimen in centimeters, 
A=Area of small electrode in square,centimeters. 
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he power factor, P.F., is given by 
oy wh,C,’ (C’ rei C;,”) 
P.F.= ae sean 





where 
w=2rf. 
f{=Frequency. 
R,=Resistance in parallel with capacitor, C, (in arm opposite 
the standard capacitor). 
ie bie agg of C, with the specimen connected into the 
ridge. 
0,'’=Capacitance of C, with specimen not connected into the 
bridge. 


The above equations hold with sufficient accuracy for the present 
purposes if the power factor is less than 0.1, and if the power factor of 
he standard capacitor can be considered zero. The specimens were 
measured at frequencies of 100, 1,000, 7,500, and 100,000 cycles per 
xcond. For each composition, at least two separately mixed batches 
yere studied to observe any variation in properties between particular 
batches. All measurements were at room temperature of about 
25° C and 50-percent relative humidity or less. 

On determinations of dielectric constant at particular frequencies 
and compositions, an average variation of 0.022 was found with differ- 
et specimens. Repeated measurements on the same specimens were 
made in a few cases, and the variation in values from the original 
determinations was negligible. For power factor the individual deter- 
ninations showed an average range of 5X107*. Typical data are 
ited for determinations of dielectric constant and power factor in 
table2. In this instance the variation in dielectric-constant measure- 
ments was 0.038 and in power factor, 2107‘. 


TABLE 2.—Reproducibility of determinations of electrical properties 


[Compound contained 25.6 percent of gilsonite by volume. Measurements were at 1,000 cycles per second 
and at 25° C.] 








Specimen | Dielectric 


number constant Power factor 











1 2. 771 64X10-4 
2 2. 801 66 
3 2. 769 64 
4 2. 763 65 

















(b) EFFECT OF COMPOSITION AND FREQUENCY 


The dielectric constant and the power factor of gilsonite at all 
frequencies measured were found to be smaller than for Buna S base 
compound A. In figures 5 and 6 it is seen that additions of gilsonite 
i general had the favorable effect of lowering the values of the dielec- 
ine constant, whereas the power factor increased with small additions, 
yet decreased with high gilsonite content. In the main the dielectric 
Coustant was found to decrease about in proportion to the gilsonite 
Content except in the range from 20 to 35 percent by volume. At 
1,000 eyeles per second the dielectric constant decreased from 2.85 for 
Buna $ base compound A to 2.60 for pure gilsonite, whereas the power 
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factor changed from 30 10~* to 15107‘, passing through a maximy 
value of about 72 10~‘ at 35 percent of gilsonite by volume. 

The preparations containing approximately 25 percent of gilsonit 
by volume were lower in dielectric constant and power factor the 
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al RR sags 
night have been expected from the trend of the other observations. 
This deviation, first observed on duplicate specimens, was again ob- 
grved ON specimens of independently compounded batches. No 
explanation for this is offered. 

The dielectric constants of all the compounds were found to decrease 
vith frequency. For pure gilsonite the change of dielectric constant 
vith frequency is about one-fourth that for base compound A. As 
rsonite is added to Buna S, there are progressively smaller variations 
of dielectric constant with frequency and lower absolute values of 
jiclectric constant for all frequencies. 

Although the power factor of the base compound increases with 
frequency the addition of gilsonite reduces the range of variation with 
fequency. For pure gilsonite this effect of frequency on the power 
factor is opposite to that for the base compound, the values decreasing 
jightly with increasing frequency at room temperature. 

The effect of lapse of time on electrical properties of two vulcanized 
gecimens containing 37.6 percent of gilsonite by volume (70 parts by 
yeight per 100 parts of Buna S) is shown in table 3. During the 
intervals between measurements the specimens were stored in a desic- 
ator. After the measurements of the 72d day, a 2-day lapse was 
alowed in order to make additional measurements to determine 
whether the slight change represented permanent change in the speci- 
nen with time or merely a day-to-day variation in precision of measure- 
ment. Table 3 shows there was a change within the specimens with 
time, although this change was too small to be considered important 
vith regard to performance of the compound as an insulating material. 


Taste 8.—Electrical properties of two specimens containing 70 parts by weight of 
: gilsonite per 100 parts of Buna S remeasured after a lapse of time 

5-gil 
(Conditions in every case were: frequency, 1,000 cycles’per second; temperature, 25° C; humidity, 50 percent.] 














Dielectric constant Power factor 
Time elapsed pa 
Specimen Specimen Specimen Specimen 
No.1 No. 2 No.1 No. 
Days 
Pivcosengnesuisunsensteteuddacerwedam MMEL pes 2.791 2. 800 69X 10-4 69X10 
SE FOS Peery | 2. 811 2. 822 71 70 
- Re Se Re GRR toy Gh dE 2. 811 2. 822 70 70 

















_ The dielectric constant and the power factor of four specimens sub- 
ected to accelerated aging also showed no significant changes. Com- 
parisons of these properties after aging in air at 70° C for 7 days with 
hoperties before aging are shown by the curves in figure 7. The 
power factor underwent a small increase upon accelerated aging and 
the dielectric constant decreased a small amount. 
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Ficure 7.—Effect of accelerated aging on electrical properties of compound containing 
40 parts of gilsonite by weight per 100 parts of Buna S. 


Specimens were aged in air at 70° C for 7 days. 
2. CONDUCTIVITY 


The insulation resistance 1 minute after the application of the poten- 
tial was measured by means of a highly sensitive galvanometer used 
asan ammeter [12]. The conductivity, given in table 4, was calculated 
from the resistance and the dimensions of the specimen. The addition 
of gilsonite to the base compound A reduced conductivity somewhat. 
(Pure gilsonite had a conductivity less than could be measured with 
the equipment used, i. e., less than 2107! mho/em.) The values 0 
conductivity are all so small that no conclusion can be drawn as to the 
effect of varying the composition. Aging may have some effect. 
Specimens containing 40 parts of gilsonite per 100 parts of Buna5 
(25.6 percent of gilsonite by volume), after aging in air at 70° F for! 
days, had conductivities less than 2107'* mho/em, although con- 
ductivities of 410~'* mho/em had been determined on these spec 
mens before aging. 
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TaBLE 4.—Conductivity of compounds of Buna S containing gilsonite 











: , stien “One minute” direct-current conductivity 
; roportion umber |__ 
Base material of gilsonite | of detn’s l 
Maximum | Minimum Mean 
Percent by 
volume Mho/em Mho/em Mho/em 

Base compound Al_____.._.......----- 0.0 4 16X10-16 7X 10-16 11 10-16 

DOS done cd nwatnansncbacadeadunniet 17.7 4 25 4 12 

Deicdokesccuedpunkovasieecdesyes a 21.8 3 4 3 4 

DOR e oe eeesdundeedsnotieweebaeuwes 25.6 4 4 3 4 

DOF dduck eeeeet cepasnhaeebale an 32.1 3 3 2 3 

PP kncacts ccna eaaneaetr eee 37.6 4 8 4 6 

I a ee Nae Bae ees 56. 3 5 5 3 5 
Gilsonite . -.--- Se a a 100.0 4] <2 <2 <2 
Washed Buna 8 compound.--_......-- 0.0 4 20 9 13 




















Base compound A contained, in parts by weight: Buna §, 100; stearic acid, 2; zinc oxide, 5; Santocure, 


® sulfur, 3. 
3, EFFECT OF GRAIN OF SPECIMEN.ON ELECTRICAL PROPERTIES 


A study was made of the effect of grain on the electrical properties as 
discussed by Scott [13]. For this study, use was made of a typical 
Jab specimen containing 25.6 percent of gilsonite by volume. This 
sab, 15X16X0.6 cm, was cut into strips 0.6X0.615 em, slicing 
perpendicular to the grain of the molded sheet. As measured with the 
capacitor plates parallel to the direction of the grain, the dielectric 
constant was 2.78 and the power factor was 60107‘ at 1,000 cycles 
per second. Electrical measurements were then made with the grain 
of the strips turned perpendicular to the capacitor plates. With the 
specimen in this position, the dielectric constant was 2.81 and the 
power factor was 70 X10~* at 1,000 cycles per second. It is concluded 
that for compounds of Buna § and gilsonite the direction of flow in 
nolding has a negligible effect on the electrical properties. 















VI. ABSORPTION OF WATER 


The effects of the absorption of water in rubber insulating com- 
pounds are an important consideration where the stability of the 
properties of the compounds is essential. 


oten- 

me 1. QUANTITY ABSORBED AND EFFECT ON ELECTRICAL 

rs PROPERTIES 

ition 

‘hat. Water absorption and its effect on the electrical properties were 
with@™ studied by the use of specimens in the form of insulated wires, which 
as of were kept in water at constant temperature. The rate of absorption 
) the of water by the insulation and the changes in dielectric constant and 


power factor observed over a period of 10 weeks on specimens kept 
at 25°C and at 70° C are shown in figures 8 and 9. The absorption 
of water is expressed in milligrams per square inch of exposed surface, 
as is the custom in cable specifications. Increases in power factor 
ind dielectric constant, as well as weight of water absorbed, were 
higher than was expected from an essentially pure hydrocarbon 
matrix, Residual materials remaining in the Buna S after polymeri- 
zation were probably the cause of increased water absorption. The 
ash and water extractables found in the Buna S, as mentioned previ- 
ously, bear out this explanation. It was considered likely that water 
543158—43—__-3 
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absorption could, therefore, be reduced by removing water-extractab], 
impurities from the crude Buna S._ However, in the water-absorptioy 
tests, no appreciable leaching of the insulation took place, since the 
specimens returned to their original weights after drying. 
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FicurE 8.—Absorption of water by the Buna S compound containing 25.6 percent of 
gilsonite by volume when used as insulation on wire. 
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Figure 9.—Effect of absorption of water on capacitance and power factor of 1,000 
cycles per second of the Buna S compound containing 25.6 percent of gilsonite ly 
volume when used as insulation on wire. 


The diameters of the specimens of insulated wire used in the meas- 
urements of water absorption at 25° and 70° C were 0.429 and 0.436 
em, respectively. The specimens used for the electrical measure- 
ments at 25° and 70° C were 0.440 and 0.436 cm in diameter, respec- 
tively. The conductor in all cases was 0.205 cm in diameter. 
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9. FACTORS INFLUENCING THE CHANGE IN ELECTRICAL 
PROPERTIES OF SPECIMENS IMMERSED IN WATER 


In order to isolate the factors influencing the change in electrical 
properties of specimens immersed in water, slab specimens of three 
wmpositions were studied for changes in electrical properties with 
ime of immersion at 90° C. One composition was the base com- 
pound A. Another composition was that containing the largest 
quantity of gilsonite used in any of the compounds studied, namely, 
36.3 percent by volume or 150 parts by weight of gilsonite per 100 
parts of Buna S contained in base compound A. The third composi- 
tion was another ‘‘pure gum’’ compound, prepared in the same manner 
asthe base compound A with the exception that the Buna S had been 
treated to remove part of the water-soluble constituents. 

Tbe removal of part of the water-soluble materials was accomplished 
by soaking the Buna S in distilled water for 2 days, thoroughly rinsing 
on washing rolls for 30 minutes, soaking in distilled water for 4 days, 
washing on rolls for 15 minutes, soaking in distilled water for another 
) days, and rewashing for 10 minutes. The polymer was finally 
dried at 37° C for 4 weeks before compounding. This washing 
of the crude Buna S caused an 0.8 percent loss in weight. 

The electrical properties of the gum compound of washed Buna S 
at frequencies of 100, 1,000, 7,500, and 100,000 cycles per second are 
given In table 5. Washing the crude Buna S had only a small effect 
on its electrical properties. When immersed in water at 70° C the 
washed Buna S absorbed somewhat less water, and showed somewhat 
smaller increases in dielectric constant and power factor than the 
compound of unwashed Buna §, as is shown in figures 10 and 11. 
Gilsonite is seen (fig. 11) to reduce the changes in electrical properties 
of specimens of unwashed Buna S kept under water. Conductivity 
measurements were also made on the slab specimens after immersion 
inwater. Conductivity values were all of the order of 1x10~'® mho/ 
cm and showed no significant changes as a result of absorption ofwater. 
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Taste 5.—Dielectric constant and power factor of a pure gum compound prepared 
from washed Buna S 














Number Dielectric constant | Power factor 
Frequency — 
tions Maximum | Minimum | Mean | Maximum | Minimum Mean 

7 e/s 

ee 4 2. 874 2. 829 2.858 | 2810-4 14X10-4 20X10-+ 
1000... 4 2. 863 2.812 2.844 | 43 37 39 

7,900. ee 4 2. 844 2. 795 2. 825 80 71 76 

i ene oF ele 4 2. 790 2. 739 2. 769 | 179 174 175 
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Figure 10.—Absorption of water by slab specimens of Buna S at 70° C. 
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Figure 11.—Effect of absorption of water at 70° C on dielectric constant and power 
factor of slab specimen. 


The first specimen was prepared from base compound A made with the original, unwashed Buna $, 
and the second with washed Buna S. The third specimen was made from the original base compound 4 
and gilsonite, and contained 56.3 percent by volume of the latter. 


VII. COMPARISON OF PROPERTIES OF BUNA S-GILSONITE 
INSULATION WITH SPECIFICATIONS FOR SUBMARINE 
CABLE 


In order to make a practical evaluation of Buna S-gilsonite com- 
pounds for electrical insulation, one representative compound Was 
selected and its properties were compared with the requirements 0! 
the United States Coast Guard specifications for submarine tele- 
phone cable. The compound chosen for this purpose contained 4! 
parts of gilsonite by weight per 100 parts of Buna S polymer, a¢ 
possessed as satisfactory mechanical properties as were obtainable 
with mixtures of these ingredients. 
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The specifications of the Coast Guard were selected for comparison 
because they embody nearly all the different types of requirements 
ikely to be included in a specification fur rubber insulation. Further- 
more, they are based on performance and make no reference to the 
composition of the insulation other than to refer to it as rubber. 
The comparison is shown in table 6. 


Taste 6.—Comparison of a compound of 40 parts of gilsonite by weight per 100 
parts of Buna S with United States Coast Guard requirements for the insulation of 
submarine cable } 








U.S. Coast 


Buna 8-gilsonite 


Guard specifica- 
tions! for sub- 





Property 
compound marine telephone 
cable 
Tensile strength, Ib/in.8......................------------.-----------| 1,150 to 1,250. ...| 2,000 minimum. 
Tensile strength after 48 hr in oxygen at 70° C, 300 Ib/in.?, percentage | 95.......--.----- 75 minimum. 
of original. 
Tensile strength after 7 days in air at 70° C, percentage of original _--_- ek es 75 minimum. 


Ultimate elongation, percent ._.........-.------------ EL ARE, 


Ultimate elongation after 48 hr in oxygen at 70° C, 300 Ib/in.?, per-| 9 


centage of original. 


Ultimate elongation after 7 days in air at 70° C, percentage of original__| 85 


500 minimum, 
80 minimum. 


80 minimum. 








Tensile stress at 200-percent elongation, Ib/in.?._..............----.--- 640 to 580__.._.-- 300 minimum. 
Compression-cutting, Ib_-_--- REE I EE ROTA AEA EO: SO OS Re ee 650 minimum. 
Compression-cutting after 48 hr in oxygen at 70° C, 300 Ib/in.2, per- | 80__-_---.-- _..--| 80 minimum. 
centage of original. 
er after 7 days in distilled water at 70° C, percent- | 45._....---_----- 80 minimum. 
age of original. 
Absorption of water after 7 days at 70° C, mg/in.?_______.........--.. 20 maximum. 
Dielectric constant after 24 hr in water at 70° C, 1,000 c/s____.__------- _ LESS. 3.20 maximum. 
Increase in capacitance after 7 days in water at 70° C, percentage of | 31._-..-..------- 3.6 maximum. 
original capacitance. 
Increase in capacitance after 28 days in water at 70°.C, percentage of | 58_.......------- 10 maximum. 
original capacitance. 
Power factor after 7 days in water at 70° C, 1,000 c/s__._....-.-_----- 007... mina thet 0.010 maximum. 
Dielectric constant after 24 hr in water at 60° F, 1,000 c/s__.--..-_---- 2.89 to 2.98._..-- 3.00 maximum. 
Resistivity,? 1-minute direct current, 60° F, ohm-em. --------------- 3X1015 __________] 1 to 6X10", 
Voltage test,’ 5-minute application of potential. _..............------ 23,000 to 38,000 | 3,000 to 5,000 
minimum. 
{. e. 330 volts per | i. @. 25 to 105 
mil. volts per mil. 





1 Most of the requirements have been taken from Specification No. S-218-37, Rubber Insulation for Tele- 


| Phone Cabies. Underground and Submarine Service in Temperate Waters. 


? Requirements for the insulation resistance of different sizes and types of conductors are based on different 
values for the resistivity as well as wall thickness. 
‘Voltage tests were on insulations of thicknesses comparable to that of the specifications. 


_ Most of the requirements given in this table were taken from United 
States Coast Guard Master Specification S-218-37, which covers 
tubber insulation for telephone cables intended for underground and 
submarine service in temperate waters. Some of the requirements 
of the specification were expressed in different terms from the original 
in order that the properties might be stated in the same way as else- 
where in this paper. For example, insulation resistance for 1,000 feet 
of insulated conductor has been converted to resistivity on the basis 
of the nominal dimensions of the conductor and the average wall 
thickness of the insulation. Also, the properties not been dealt with 
previously in the paper were measured by methods described in the 
Coast Guard specifications. 

The Buna S-gilsonite compound exceeds the requirements of the 
specification in respect to several properties. The change during 
tccelerated aging is considerably less than that permitted by the 
specification ; the tensile stress at an elongation of 200 percent is nearly 
double that required by the specification, and the load required to 
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produce compression-cutting is 1,000 lb, as*compared with the 
requirement of 650 Ib. 

The Coast Guard specifications make no stipulation as to resistance 
to tear for insulation, since the outside jacket of a cable really begs 
the brunt of tearing and scraping in service. Nevertheless, it js of 
interest that the addition of 40 parts of gilsonite by weight per 109 
parts of Buna S polymer was found to increase the resistance to tea; 
of base compound A from 8 |b/in. to 28 lb/in. 

In certain other properties the Buna S-gilsonite compound does not 
meet the specifications, but the deficiency does not seem to be serious, 
For example, the ultimate elongation is 470 percent instead of 50) 
percent as specified, and the tensile strength is only 1,200 Ib/in: 
instead of 2,000. High values of the tensile strength and ultimate 
elongation are not in themselves necessary for satisfactory performance 
of a cable, but rather serve merely as indexes of quality when applied 
to a single variety of rubber. 

The serious deficiency of the Buna S-gilsonite compound lies in the 
change of its properties on immersion in water. The amount of 
water taken up in the usual 7-day test is about five times that per- 
mitted by the specification, and this absorption of water reduces the 
load under which compression-cutting takes place to 45 percent of the 
original value, as compared with the minimum of 80 percent called for 
by the specification. 

The absorption of water, as has been shown in an earlier portion of 
this paper, is accompanied by significant changes in electrical proper- 
ties. This undesirable quality need not condemn Buna § for use in 
electrical insulation, since the high absorption may be the result of 
the presence of residual soap and other chemical agents added in the 
manufacturing process. The fact that Buna S polymer is a hydro- 
carbon indicates that if it were available in sufficiently pure form it 
would be little affected by water. Some improvement in commercial 
Buna S could be effected by thorough washing or extraction with 
water, but a more logical method of approach would seeim to be 
through the production of a special type of Buna S low in soap and 
other polar impurities. 

Work in process at the time this paper went to press indicated that 
samples of commercial Buna S containing no soap were less affected 
by water than the product used in this investigation. 
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CALCIUM CHLORIDE COMPOUNDS OF D-a-GLUCOHEPTOSE 
(D-GLYCERO-D-GULO-ALDOHEPTOSE) 


By Horace S. Isbell and Harriet L. Frush 





ABSTRACT 


In support of the concept that sugars having like configurations for the atoms 
comprising the pyranose ring have like properties, it has been found that D-glycero- 
D-gulo-aldoheptose (formerly D-a-glucoheptose) resembles D-gulose in that- it 
forms crystalline compounds with calcium chloride, and in that the equilibrium 
which exists in aqueous solutions is shifted in marked degree by changes in the 
concentration of calcium chloride. It was shown that the addition of calcium 
chloride shifts the equilibrium toward the unknown alpha-pyranose modification. 
The equilibrium optical rotation of D-glycero-D-gulo-aldoheptose in a 4-percent 
aqueous solution in the presence of calcium chloride varies according to the 
relationship 


[a] $= —20.2+3.54m—0.067m?, 
in which m is the grams of calcium chloride per 100 ml of solution. A crystalline 
compound, $-D-glycero-D-gulo-aldoheptose.CaCl,.2H,O, was prepared and _ its 
mutarotation was measured. In 4 percent aqueous solution, 


[a]5=—6.5X 10-0 9.3, 
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I. INTRODUCTION 


It has been emphasized in previous publications that substances 
having like configurations for the five carbons comprising the pyranose 
ting have similar properties, and in aqueous solution establish similar 
| equilibrium states [1, 2].!. The correlation of substances of like chem- 
ical behavior is useful for the classification of chemical phenomena, 
for the prediction of new reactions, and for the guidance of research. 

Several years ago one of us noted [3] that the addition of calcium 
chloride causes a marked shift in the equilibrium existing between the 
various modifications of D-gulose in solution, and that under proper 
conditions exceptionally stable calcium chloride compounds of D-gulose 
may be prepared. D-a-glucoheptose, a sugar originally prepared by 
E. Fischer [4] and now called D-glycero-D-gulo-aldoheptose,? differs 


KT 
: Figures in brackets indicate the literature references at the end of this paper. 
D This name is reeommended by the Committee on Carbohydrate Nomenclature appointed by the 
\visions of Biological Chemistry, Chemical Education, and Sugar Chemistry and Technology of the 
American Chemical Society. 
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from D-gulose in structure and configuration merely in that it cop. 
tains the group HCOH, having the D-glycero configuration, in the 
chain attached to the pyranose ring. Furthermore, we have foun) 
that the methyl D-glycero-D-gulo-aldoheptosides, like the configur. 
tionally related methyl D-gulosides form crystalline compounds with 
calcium chloride [2]. It therefore seemed of interest to determine 
whether the effect of calcium chloride on D-glycero-D-gulo-aldoheptos 
was similar to its effect on the configurationally related D-gulose, an( 
to attempt the preparation of a crystalline calcium chloride compound 
of the unknown a-D-glycero-D-gulo-aldoheptose, a substance of inter. 
est for the correlation of optical rotation and structure in the sugar 


group. 


II. EFFECT OF CALCIUM CHLORIDE ON THE OPTICAL 
ROTATION OF D-GLYCERO-D-GULO-ALDOHEPTOSE 


Measurements of the equilibrium optical rotation of D-glycero-D- 
gulo-aldoheptose in the presence of various quantities of calcium 
chloride gave the results reported in table 1, from which it may bh 
observed that the equilibrium rotation depends primarily on the con- 
centration of calcium chloride. Solutions containing no calcium 
chloride have a specific rotation of about —20, those containing about 
6.5 g of calcium chloride per 100 ml are optically inactive, and those 
containing more calcium chloride are dextrorotatory. The variation 
in the equilibrium rotation of D-glycero-D-gulo-aldoheptose in the 
presence of calcium chloride may be expressed approximately by the 
empirical equation 


[a]? = —20.2+3.54m—0.067m?, 


where [a]? is the equilibrium rotation of the sugar, and m is the 
number of grams of anhydrous calcium chloride per 100 ml of solution. 
One of us has found the specific rotation of D-gulose in the presence 
of calcium chloride to be [a]?=—26.4+3.73m. A comparison of tle 
two equations reveals that calcium chloride alters the rotations of 
D-glycero-D-gulo-aldoheptose and D-gulose to about the same degree 
and in the same direction. 


TaBLeE 1.—Effect of calcium chloride upon the equilibrium rotation of D-glycero- 
D-gulo-aldoheptose* 


[a] = —20.2+3.54m>—0.067m!, 








Shift of equi- 
Concentration| Total shift of | librium rota- 
[a] of CaCl: in equilibrium | tion per gram 
“Ip grams per 100 |rotation caused} of CaCls per 
ml of solution by CaCl: 100 ml of 
solution 
—20.2 0 0 _ 
—15. 84 1, 25 4. 36 3. 50 
—11. 51 2. 56 8. 69 3.40 
—3. 85 5.12 16. 35 3.19 
0 . Aiea abc Os =e 
+9. 07 10. 24 29. 27 2. 86 




















® Four g of sugar dissolved in 100 ml of solution containing the amount of CaCls given. 
» m is the concentration of CaCl: in grams per 100 ml of solution. 
¢ Value calculated from above equation. 
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The effect of calcium chloride on the optical rotations of these 
sugars is much greater than the effect on the optical rotations of most 
siars. For instance, Murschhauser [5] found the equilibrium 
specific rotation of D-glucose to be +52.8 in water and +56.0 in 2 N 
calcium chloride, a change of only 0.29° per gram of calcium chloride 
per 100 ml of solution. 

If calcium chloride alters the optical rotation by shifting the equilib- 
rium between the different forms of the sugar in solution, the change 
in optical rotation caused by a change in the concentration of calcium 
chloride should take place at the same rate as the mutarotation of the 
sugar. Measurements of the mutarotation of D-glycero-D-gulo- 
aldoheptose, after dilution of a solution containing 8 g of the sugar 
and 10 g of calcium chloride per 100 ml, are reported in table 2. It 
will be noted that the mutarotation follows the course of a first-order 
reaction. A similar change, but in the reverse direction, takes place 
when calcium chloride is added to an equilibrium solution of D- 
glycero-D-gulo-aldoheptose. In either case, the mutarotation coeffi- 
cient is in accord with that for the mutarotation of freshly dissolved 
crystalline $-D-glycero-D-gulo-aldoheptose. The similarity of the 
D-gulose and D-glycero-D-gulo-aldoheptose is illustrated further by 
the curves in figures 1 and 2, which show the mutarotations of the 
two sugars and the changes in optical rotation that take place when 
the equilibrium solutions of the sugars, containing calcium chloride, 
are diluted with either water or ethyl alcohol. In both cases upon 
dilution with water the optical rotation shifts toward the left, whereas 
upon dilution with alcohol it shifts toward the right. 


TaBLE 2.—Mutarotation of D-glycero-D-gulo-aldoheptose, in solution with calcium 
chloride, after dilution with water 


{A solution containing 8 g of the sugar and 10 g of CaCl» in 100 ml in equilibrium at 20° C was diluted with 
water to 5 volumes, and the changes in optical rotation were measured, using a 4-dm tube.] 


°S=+3.89X10--0070+— 2.40, 














[a]¥=°SX5.426. 
: Observed 
Time reading m*X10 
Minutes si 

Rb etree hesvceccis +1. 24 per 
| AE ER SRS Pe +1. 04 7.9 
eet RAS +0. 72 8.2 
FN Pe eres ees eet +. 25 7.9 
NN isiddl sd. noe gates acibee ss —.18 7.8 
| a ee eae —.74 7.9 
er eer perro —1.16 7.9 
BSE EE I adie —1. 69 8.0 
a, SPE EF —1.99 7.9 
ne El 4-s-ededincaiedbenenaakes OG bencenanee 
PO eS ae ane cee 7.9 
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*m1= i logio 


In a control experiment, a solution containing 8 g of D-glycero-D- 
gulo-aldoheptose in 100 ml of water, in the absence of calcium chloride, 
was diluted to 5 volumes with water. The specific rotation changed 
in the course of several hours from —19.5 to —21.0. This change is 
far less than that observed in the presence of calcium chloride. 
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Ficure 1.—Effect of dilution upon a calcium chloride-containing equilibrium solution 
of D-glycero-D-gulo-aldoheptose. 


An equilibrium solution containing 8 g of the sugar and 10 g of CaCl per 100 ml of solution was treated 
as follows: I. Diluted to 10 volumes with absolute alcohol. II. Diluted to 10 volumes with water. 


SPECIFIC ROTATION 





te) 10 20 30 40 50 60 70 ” 
TIME — MINUTES 
Ficure 2.—Effect of dilution upon an equilibrium solution of D-gulose. CaCh;.H;0. 


An equilibrium solution containing 10.64 g of a-D- gulose.CaClo.H2O per 100 ml of solution was treate J as 
follows: I. Diluted to 5 volumes with absolute ethyl alcohol. II. Diluted to 10 volumes with water. 


Attempts to ascertain the effect of alcohol on the equilibrium state of 
the free sugar were unsuccessful because crystallization of the sugar 
occurred before optical-rotation measurements could be made. 
It is evident that aqueous solutions containing high concentrations 
of calcium chloride have a larger proportion of the alpha modification 
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of the sugar than solutions containing less calcium chloride. The 
conclusion may be drawn that calcium chloride causes a disturbance 
in the equilibrium state between the two modifications, possibly 
because of greater affinity for the alpha isomer than for the beta. 
Dilution with water decreases the concentration of calcium chloride 
and shifts the equilibrium toward the beta isomer. The change in 
optical rotation that occurs on dilution with alcohol may arise from 
a smaller degree of dissociation of the calcium chloride compound of 
the alpha modification in alcohol than in water, or the change may be 
explained by the assumption that combination of the alcohol with the 
water increases the effective concentration of the calcium chloride. 
However, the situation is complex, and any interpretation of the effect 
of dilution without additional experimental evidence is purely 
hypothetical. 


Ill. CRYSTALLINE CALCIUM CHLORIDE COMPOUNDS OF 
D-GLYCERO-D-GULO-ALDOHEPTOSE 


D-gulose readily forms two crystalline calcium chloride compounds, 
a-D-gulose.CaCl,.H,0 and (D-gulose)z,CaCl,. The first of these 
compounds contains the,alpha-pyranose modification, and the second 
seems to contain both the alpha-pyranose and the unknown beta- 
pyranose modification. When attempts were made to prepare similar 
compounds of D-glycero-D-gulo-aldoheptose, two crystalline calcium 
chloride compounds were obtained, but. they'do not appear to be 
strictly analogous to those of D-gulose. One of the compounds, 6-D- 
glycero-D-gulo-aldoheptose.CaCl,.2H,O, was obtained in the pure 
state; the other was obtained only ina crystalline mixture, the opti- 
cal rotation of which changed with time and in a direction opposite 
to that of mutarotation of the beta isomer. Optical-rotation measure- 
ments of the first compound, B-D-glycero-D-gulo-aldoheptose.CaCl,. 
2H,0, are given in table 3. The initial rotation,—15.8, corresponds 
to a specific rotation of —26.9 for the heptose component. ‘This is 
only slightly less than that of the pure beta-pyranose modification 
(—28.7). Furthermore, the mutarotation which follows dissolution 
of the calcium chloride compound is like that of 6-D-glycero-D-gulo- 
aldoheptopyranose in that it follows the course of a first-order reaction, 
and the mutarotation coefficient in water saturated with carbon diox- 
ide, m=0.0072, is in accord with that of the free sugar. Hence it 
may be concluded that the new calcium chloride compound has the 
beta-pyranose structure. 

Since the measurements of optical rotation described above show 
that the equilibrium state of solutions of D-glycero-D-gulo-aldoheptose 
is shifted by calcium chloride in the direction of the alpha isomer, it 
was to be expected, as in the case of D-gulose, that a calcium chloride 
compound erystallizing from solution would contain the alpha modifi- 
cation. The fact that a calcium chloride compound of the beta modi- 
lication separates readily shows that both modifications of the sugar 
combine with calcium chloride and that the compound actually ob- 
tamed depends on the conditions and the presence of seed crystals. 
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TABLE 3.—Mutarotation of 8-D-glycero-D-gulo-aldoheptose. CaClh.2H,0 
4 g per 100 ml at 20°C, read in a 4-dm tube. 
°S=—3.0X 10--72'— 4.3. 
[aS =—6.5X 10--72'_ 9,3, 
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Time reading m1X 108 

Minutes °Ss 
62 Ae a et oe i. ae Leer 
eer res a ee —6. 69 7.8 
SR Be oa Aine s —6. 54 7.2 
| Gea ee SP te —6.14 6.9 
aS... eee ees —5.75 7.2 
i, EEE POSER ER —5. 46 6.8 
fh a ee eee —5.17 7.2 
WI nin pantie ckanae —4.99 7.0 
aceeussdbesaeerceaenkeswe ee | aboswes 
Pi EPR ee OS Se ae ee 7.2 

















IV. PREPARATION OF §-D-GLYCERO-D-GULO-ALDOHEP. 
TOSE.CaCl,.2H,O0 


An aqueous solution of 21 g of D-glycero-D-gulo-aldoheptose and 
14.7 g of CaCl,.2H,O was concentrated in vacuum to a thick sirup.’ 
Two volumes of ethyl alcohol was added, and the material allowed 
to stand in a desiccator until crystallization took place, after which 
the crystals were separated on a filter and washed with ethyl alcohol. 
The yield was 25.5 g. 

The 5 Dcslosasy Diniinalbiieiatdie calcium chloride compound 
was recrystallized by concentrating an aqueous solution in vacuum 
to a thick sirup, adding 2 volumes of ethyl alcohol, and allowing the 
sirup to crystallize in motion over the course of several days. The 
compound crystallizes in elongated rectangular plates that are very 
soluble in water and less so in ethyl alcohol. When the crystalline 
compound was dissolved in a few drops of water on a microscope slide, 
and the water allowed to evaporate, it was noted that the crystals 
which separated had the appearance of those of 6-D-glycero-D-qulo- 
aldoheptose. Subsequent work showed that free 6-D-glycero-D-gulo- 
aldoheptose crystallizes from dilute aqueous solutions of the calcium 
chloride compound. 

Analysis: Calculated for C;H,,O;.CaCl,.2H,O: C, 23.54; H, 5.08; 
Ca, 11.22; Cl, 19.85. Found: C, 23.56; H, 4.97; Ca, 11.18; Cl, 19.83. 
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3 The first crystals of this compound were obtained from solutions containing a larger proportion of cal- 


cium chloride. In subsequent preparations, however, the sugar and calcium chloride were added in the 
molecular proportion found in the compound. 
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DENSITY OF LEATHER AND ITS SIGNIFICANCE 
By Joseph R. Kanagy and Everett L. Wallace 





ABSTRACT 


The real density of leather calculated from the weight of a measured volume, 
allowing for voids, and the apparent density of leather calculated from the weight 
of a measured volume, not allowing for voids, were studied. The real-density 
values of different samples of leather and a sample of raw hide were determined 
by a method in which Boyle’s law is applied. he apparent density of some of 
these samples, obtained by direct dimensional measurement and by displacement 
of mercury, is compared with the real density. The real densities of most of the 
samples vary within a narrow range (1.387 to 1.516), whereas the apparent 
densities vary over a greater range, depending upon the treatment. For this 
reason the apparent density is believed to be a more valuable factor for most 
practical considerations. The influence of location of the specimen on the hide 
on real density is considered, and results that show the effect of compression on 
both densities are given. Moisture content is shown to have considerable in- 
fluence on the real density. For leathers that do not have abnormally high 
grease contents, the permeabilities to air and water vapor appear to show some 
correlation to the percentage of voids, which is calculated from the ratio of the 
apparent to the real density. 
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I. INTRODUCTION 


There are two ways of expressing the density of leather: (1) The 
real density, which is determined by a method that allows for voids, 
or free space, in the leather, and (2) the apparent, or bulk, density, 
which is calculated from a measured volume of leather, not allowing 
for voids. The ratio of these two values gives an indication of the 
percentage of voids, or free space, in the leather. The size of the voids 
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is difficult to estimate. Air and liquids, such as water and kerosino 
penetrate leather easily. On the contrary, mercury, a liquid of hig}, 
surface tension, and resinous materials in solution having large particle 
sizes, do not enter the voids. The percentage of voids undoubtedly jp. 
fluences a number of the physical properties of leather, such as water. 
vapor permeability, air permeability, and water absorption. 

Apparent density can be determined quite accurately from the 
weight of a definite volume of leather if the volume is obtained by 
direct dimensional measurements. The determination of real density 
is more difficult, and the methods used in the past were subject to 
considerable criticism. Recently, however, Gallay and Tapp [1]! 
have applied Boyle’s law to determine real densities by a simple 
method making use of the displacement of air, and which gives 
results of high precision. Clarke [2] determined real density by 
method based on the amount of kerosine displaced by the leather 
under reduced pressure; he then determined apparent density by the 
amount of this liquid displaced by the sample saturated with kerosine, 
Casaburi [3] used a method for determining real density based on the 
amount of air displaced by the leather. Thuau and Goldberger [4] 
and Edwards [5] applied methods based on Boyle’s law. The former 
gave no data. Edwards used a complicated procedure, which he 
admitted was in error by an amount equal to about 1.3 percent. 

In this investigation a study of the real and apparent densities of 
leather was made. Real density was determined with an apparatus 
similar to that used by Gallay and Tapp, and apparent density was 
determined by direct dimensional measurement and by the displace- 
ment of mercury. The determinations were made on a number of 
leathers representing different types and tannages. The effects of 
location of the specimen on the hide and of compressing the specimens 
were studied. Some data on the influence of moisture content on the 
real density are given, and the practical significance of the apparent 
and real densities is discussed. 


II. APPARATUS AND PROCEDURE 


A diagram of the apparatus used to determine real density is shown 
in figure 1. Aisa vessel connected at both ends with capillary tubing. 
The volume is calibrated between the points on the capillaries X and 
Y and is equal to 10.734 ml. B is another vessel which serves as the 
container for the samples. It is connected to A with capillary tubing 
and the three-way stopcock, 7. -A and B have an outlet through the 
stopcock F and the U-tube C, which contains anhydrous calcium 
sulfate. The purpose of the anhydrous calcium sulfate is to dry the 
air drawn into vessel A and prevent the condensation of water vapor 
in B on compression. The capacity of B, including the capillary arm 
to Y, is about 18 ml. The cap H fits over the outside of B, thereby 
eliminating the possibility of the leather coming into contact witb the 
lubricating grease. The cap is fitted with glass lugs and held securely 
by means of wire springs. D is a cup containing mercury. This 1s 
attached to the main apparatus with rubber ay and is used to 
raise and lower the mercury level in A. 

The density determinations are made exactly as described by 
Gallay and Tapp [1]. With F open to the U-tube, C, and the vessel 


1 Figures in brackets indicate the literature references at7the end of this paper. 
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Ficurge 1.—Diagram of the apparatus used to determine real density. 


A, the mercury level in A is raised to Y by lifting the mercury cup D. 
Then dry air is drawn from C into A by lowering the mercury to X. 
Fis closed to C and opened to A and B. The sum of the volumes of 
Aand B and the connecting capillaries is V;. P; is the barometric 
pressure, P. The mercury level is then raised from X to Y; @ is 
closed. The capacity of B and the capillary arm to Y is V2, and the 
barometric pressure, P, plus the increase in pressure shown on manom- 
eter E, caused by the compression, AP;, is P:. All values of pres- 
sure are read in centimeters of mercury. Then substituting in Boyles 
law equation for a given mass of gas at a given temperature, 


, P, V,=P.V3 
| P(A+B)=(P-+AP,)B, 
or 
_PA 
B= Pp" 


From this equation the volume of B is calculated. When a leather 
specimen with volume L is placed in B and the procedure repeated, 
the following equation holds: 
a ane ee aes 

a 
543158—43——-4 
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If L is the real volume of the leather sample in cubic centimeters, the 
real density is then equal to W/L, where W is the mass of the sample 
in grams and the units of density are grams per cubic centimeter. 

The measurements were made on samples weighing from 2 to 6 ¢. 
The leathers were conditioned for at least 48 hours at 65+2 percent 
relative humidity and 70°+2° F, and all determinations were made 
in a room controlled at these conditions. 

The precision of the determinations is influenced largely by two 
factors—pressure measurements and the size of the sample. (Qn 
repeat measurements the manometer readings varied about 0.5 mm. 
This is equivalent to 0.016 ml for a 2-g sample having a volume o} 
1.5 em®, or an error of approximately 1 percent. To test the appara- 
tus the volume of a piece of copper wire 100 cm in length and of uni. 
form diameter was determined from dimensional measurements. Its 
volume was then determined by the apparatus. The volume by 
dimensional measurement was 1.319 cm*® and as determined by the 
apparatus 1.303 cm*. These figures illustrate the precision of the 
method for volumes under 2 cm*. For a 6-g sample, having a volume 
of about 4 cm, this error is equivalent to about 0.007 ml, or less than 
0.2 percent. The results for the heavy leathers were obtained with 
samples weighing from 4 to 6 g, whereas for the lighter leathers 
samples weighing from 2 to 4 g were usually employed. The appam- 
tus was again tested with a piece of brass tubing that had a larger 
volume than the copper wire. The volume calculated by dimensional 
measurements was 4.014 cm®, whereas that determined in the appa- 
ratus was 4.010. This difference is smaller than that calculated from 
the reproducibility of the readings, and illustrates the precision 
possible for samples having a volume greater than 2 cm’. 

The precision of the determinations may also be improved by 
decreasing the size of the vessel B with respect to A. This would 
increase AP,, and an error of 0.5 mm in reading the scale would amount 
to a smaller percentage. 

The apparent density was determined by calculation from dimen- 


sional measurements and by displacement of mercury, using apparatus | 


similar to that described by Rose [8]. Figure 2 is a sketch of this 
apparatus. A is a glass vessel used as the container for the leather 
samples. It is fitted with a cap to which a capillary tube is attached 
open to the atmosphere. The volume-measuring device, @, H, |, 
consists of two graduated pipettes connected to the ends of a glass 
bulb. The pipettes are graduated in hundredths of a cubic centimeter, 
and the volume can be estimated to 0.002 cm’. The capacity of the 
glass bulb and the tubing between the bulb and the graduations were 
determined by calibration with mercury. The capacity of the bulb 
is approximately 8.5 ml, and the size of the sample that can be used is 
limited to the sum of this capacity and that of the two pipettes, 
which is approximately 10.5 ml. 

The determinations are made as follows: Reduction of the pressure 
by a vacuum pump attached to E introduces, through C, sufficient 
mercury to fill the vessel A and the capillary to the level F and to 
reach a level higher than F on the graduated part of the pipette, © 
C is closed, and the mercury is held at this level by also closing 2. 
The reading of pipette @ is recorded. The three-way stopcock, /, 's 
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FicurE 2.—Diagram of the apparatus used to determine apparent density. 


then opened to the vacuum pump. Stopcock B is also opened, and 
the mercury is drawn into K until the level in A is lowered sufficiently 
to allow space for the leather specimen. B is then closed to hold the 
mercury in K, and £ is opened to the atmosphere. After the sample 
has been placed in A, the mercury is permitted to reenter A by operat- 
ing the stopcock B until the level again reaches the point F on the 
capillary. The reading on pipette J 1s then recorded. From the 
readings of the pipettes and the capacity of bulb H, the volume of 
mercury displaced by the leather sample is determined. 

Repeated determinations on the same sample of leather gave values 
that differed by not more than 0.005 cm’. This would be equivalent 
to an error of 0.05 percent for a sample having a volume of 10 ml, 
which is the approximate size of the samples used. 

The determinations of apparent density by dimensional measure- 
ments were made on samples approximately 2 by 4 inches. The 
thickness ot each sample was determined in six different places with a 
Randall Stickney gage having a foot % inch in diameter and a load of 
1 pound. The average thickness was used in the calculation. ‘The 
samples were conditioned, and all the measurements were made at 
70° F and 65 percent relative humidity. 
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III. RESULTS AND DISCUSSION 


1. COMPARISON OF RESULTS FROM DIMENSIONAL MEASURE. 
MENTS AND FROM DISPLACEMENT OF MERCURY 


Some results obtained by the two methods used to determine 
apparent density are compared in table 1. Where the detrminations 
were made on the same samples, good agreement is evident in most 
cases for the heavy leathers. The lighter, softer, upper leathers and 
the formaldhyde buckskin leather, however, all show appreciable 
differences in the results obtained by the two methods. Here the 
results obtained by dimensional measurement are higher than those 
obtained by the displacement of mercury. The weight on the presser 
foot of the thickness gage apparently caused a compression of the soft 
leathers which resulted in a low value for the thickness and, therefore, 

ave high results for the density. On the contrary, the chrome sole 
eather, the surface of which had been embossed, showed a slightly 
higher value by the mercury displacement method because the presser 
foot was too large to give an accurate average thickness. For deter- 
minations of the apparent density of leathers, the mercury displace- 
ment method is more accurate than the method based on dimensional 
measurements. The dimensional measurements method, however, 
may be satisfactory for smoothly rolled heavy leathers, where an 
accuracy of 5 percent is sufficient. 


TABLE 1.—Apparent density of samples determined by dimensional measurements 
and by displacement of mercury 








Dimensional | Displace- 
Leather measure- ment of 
ments mercury 











DIFFERENT SAMPLES OF THE SAME TYPES OF LEATHERS 
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« Average of 35 samples. 
2. EFFECT OF MOISTURE ON THE DENSITY OF LEATHER 


An important variable factor affecting the composition and physica! 
properties of leather is the moisture content. The influence of 
moisture on the density of leather would be expected to be extremely 
important. Chestnut and quebracho leathers tanned at the Nationa! 
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Bureau of Standards were dried by heating at 100° C for 4 hours and 
then placed in an atmosphere of 65-percent relative humidity and 
70° F. The real densities of these samples were determined before 
drying, immediately after drying, 1 hour after drying, and 20 hours 
after drying. The results are given in table 2. The increase in the 
real density of the chestnut leather on drying is 0.132, whereas that 
of the quebracho leather is 0.157. The real densities decrease on 
reconditioning as the samples increase in weight by regaining moisture. 
These results indicate that any value of the density of leather should 
be accompanied by a statement of the relative humidity and the 
temperature at which it was determined. 


TABLE 2.—Influence of drying on the real density of leather 



































Leather | Mass | Volume | Real density 
ows ; Z ” r BEFORE DRYING we TLS CO 
g cm 3 g/cm 3 
CR ee ak cccncs 2. 335 1.614 1. 447 
Qusprache............- 2. 884 2. 080 1. 387 
IMMEDIATELY "AFTER DRYING 
OS ee 2. 024 1. 282 1. 579 
eS 2. 503 1. 621 1. 544 
1 HOUR AFTER DRYING 
GN cadenccaeus 2. 135 1.385 1. 542 
Quebracho!...........- 2. 633 1. 752 1, 503 
20 HOURS AFTER DRYING 

Ohestntt..< 665 4.<sap- 2. 296 1. 572 1. 461 
| ee ae 2. 860 2. 027 1.411 




















3. COMPARISON OF REAL AND OF APPARENT) DENSITIES 


Values for the real densities of 21 different samples of leather and 
for raw hide are shown in table 3. Values for the apparent densities 
obtained by dimensional measurements of some of the samples are 
also given. The leather samples represent different tannages as 
well as different types. ‘The real densities of all the samples except 
the two chrome-retanned upper leathers, which contain high per- 
centages of grease, vary within rather narrow limits of 1.387 to 1.516. 
It is interesting to note that Clarke [2], who determined the real 
densities by a different method, also found that these values varied 
within narrow limits. His results, however, were lower, ranging 
irom 1.327 to 1.433. In general, the tanned leathers have higher 
densities than rawhide. Chestnut leather has a higher real density 
than quebracho leather. Salts increase but greases decrease the 
tealdensity. In fact, the real density of leather seems to be a function 
of the densities of the individual constituents and their percentages in 
4 given sample. 
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TABLE 3.—Comparison of real- and apparent-density values 























fr 
tides W 
Apparent | 
density from ul 
Description of material dimensional Reser ny 
measure- Consity 
ments cc 
tiie —— Bi 
g/cm & gicm’ ne 
Ser Ce, IR cnt ccaduancouecanaretioseedeetebenen 1, 388 
Leathers tanned in experimental tannery at NBS: $e 
Chrome-tanned steer hide._.. ...-... .-.-----..- aa ee ee ey oe 0. 57 1.400 ui 
Iron-tanned steer hide.____.....-.....-.- Sates. | Jala dale disde ad ioaeeinianaaieakstiad 1, 410 3] 
Gabnnetee Canis Ghee BIOs k bo dbo) cctidddle occ ~ Sah od | Gab decane se - nce . 76 1, 387 eX 
Quebracho-tanned steer hide containing glucose and salts. ....-_....----.-.- . 83 1.400 
Quebracho-tanned steer hide containing sulfited quebracho---._.-.--.-.--- 5 81 1,415 m 
eee eS) ee eee a eee Pe 1,447 
Chestnut-tanned steer hide containing glucose and salts_._..........----.---- . 83 1.47 
Chestnut-tanned steer hide containing sulfited quebracho---........-..--.--.- 81 1, 439 AS 
= 
Light leathers: 
POSMRICOR TOO AORION DIIIID 6 stn Gann peccanedbensccocces coe sauces ‘ - 56 | 
SEINE 6 hos onc oScnwa ean ce wubuctunncbwssedcuceusseuked 7 .88 | 1, 338 
Chrome-retanned upper containing waxeS..........-...-.. --------------- ‘ . 94 | 1, 327 
Sole leathers: U 
RR a ee ee selects dla 11,03 | 4 } 
cago lo nsec i nktid Shia eke Ehbhe ax ndabdreichon-eiucdes mt 11.15 194 So 
Chrome containing wax and barium sulfate___..__--- | 1,17 at 





we ene ene ene-- j 
Vegetable-high grease content._..............-----.-... -- PR eENa Pee en! hh, | ot pit a Se 1, 304 
eS SR PS OR ER re Pee Eee. te, SEL ie eres | 1,472 
LO SE Ra: ee Se ere, same 2 1,4 
Ecc duitatarusderschkehsay kbs sbbnie hous wacos~ iedxnnckiotand ‘ ] 
TN i tins cle cncctie's MRUIE BER FUER AD bdi oo sein osina he cueknwe 
a te RS Si ie este EEE Eee Ree oe eee: < ita 
Vegetable containing approximately 10% of oi]_...._....---.-..--------------|------------- | 





1 Average of 35 samples. 





In most cases, the samples with the highest apparent densities also 
have the highest real-density values. Formaldehyde-tanned jack 
buck leather is an exception. It has the highest real density and the 
lowest apparent density. An increase in the apparent density caused 
by a definite treatment of a certain sample of leather, however, is 
usually accompanied by a much smaller increase in the real density 
of the leather. This obviously is to be expected, since the addition 
of salts or grease to a leather merely fills the voids and results in no 
appreciable change of the apparent volume. The difference between 
the apparent-density values of chrome-tanned steer hide and the 
chrome-tanned sole leather filled with barium sulfate and wax is 
0. 60 g/cm*, whereas that of the real density is only 0.056 g/cm’. As 
another example, the results obtained with factory and finders leather 
may be compared. Here the principal difference in the physical 
properties is the greater firmness of the finders leather. The differ- 
ence between the apparent-density values is 0. 12 g/cm’, whereas that 
of the real density is 0.033 g/em*. For most practical applications, 
as in a specification where a leather having a definite physical char- 
acteristic related to density is desired, a specified apparent density 
would appear to have more significance than a specified real density. 


4. VARIATION OF REAL DENSITY WITH RESPECT TO LOCATION OF 
SPECIMENS ON HIDE 


_ The effect of location of the specimens on the hide on the real den- 
sity of leather was studied with both light upper leather and heavy 
sole leather. The upper-leather samples were.cut from sides. Oué 
sample was taken from the backbone (A) location, the other was cul 


409 
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from the belly edge near the shoulder. The heavy-leather samples 
were cut from sole-leather bends; the locations were approximately 
the same as those of the upper leathers. Determinations were made 
on the sole leathers with their original composition intact except for 
conditioning and after they had been degreased, washed, and recon- 
ditioned. ‘lhe results are shown in table 4. ‘There appears to be 
no appreciable variation that can be attributed to the location of the 
sample; small variations occur in both directions, but these are pos- 
sibly due to differences in salt or moisture contents and partly to 
experimental error. Washing has definitely lowered the real density, 
most probably because salts are removed. 


TasBLE 4.—Variation of real density with location of the specimen on the hide $j 




















Backbone | Belly loca- | Backbone | Belly loca- 

location ! tion ! location ? tion 4 

gicm 8 giem § g/cm § gicm § 
Upper leather 9:54 cin.se de setiteicinen sin acinscaninbond i. = i. - reeee taer eh Ae = 5 
SS SR as SAI Sa Teh AREA AE ORS Ah ict A OE OEE PE: ‘i a 
Gale lotMOP Be. ee i acted heidet nck cnn qmlbalentAdiine 1, 434 1. 447 1, 422 1, 435 
a a ae eee ae 1. 449 1.475 1. 430 1,421 
Sole leather C___... wtihodteabasebqubccadadusscetweaccett 1, 455 1. 446 1. 429 1. 444 








1 Unwashed. 
? Degreased and washed. 
} Upper leather was degreased but not washed. 


5. EFFECT OF COMPRESSION ON DENSITY OF LEATHER 


The leather was conditioned at 70° F and 65 percent relative humid- 
ity for 48 hours. Fifteen percent by weight of water was then added 
to the conditioned samples. The samples were placed in a container 
at 100-percent relative humidity for 16 hours. ‘They were then sub- 
jected to a pressure of 3,000 1b/in? in a hydraulic press for 2 or 3 
minutes, after which they were dried and reconditioned. Real- and 
apparent-density measurements were made on the samples both before 
and after compression. The results are shown in table 5. Real 
density does not change on compression. The apparent density, how- 
ever, changes considerably, depending upon the original value. A 
maximum value for apparent density appears to be reached, under the 
conditions prevailing at 1.06 to 1.14 g/em.* If the apparent density 
is originally lower, it reaches a value in this range after compression; 
if the original apparent density lies within this range, it changes very 
little after compression. 


TaBLE 5.—Effect of compression on the density of leather 























Apparent density by 
Real density— dimensional measure- 
ment— 
Leather 
Before com-| After com- |Before com-) After com- 
pression | pression pression pression 

Sole leathers: gicm 8 giem 3 g/cm * g/cm 3 
WON SS Pe ee ee eee 1. 468 1. 464 1. 07 1,12 
REE OES a ee Ps ee 1.475 1, 462 1.07 1.11 
WI ee es ae Reet ee 1. 464 1. 468 1.00 1, 09 
CI Se ee se A 1. 09 1.11 
RE eae a aan EON ULAR, Males 1.00 Lu 
Quebracho leather, tanned at NBS-.......--....--..-.-- 1, 387 1. 384 0.76 1, 06 
Lela ES RRR RNR TR, er Ee eae 72 114 
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6. RELATION OF PERCENTAGE OF VOIDS TO PHYSICAL 
PROPERTIES OF LEATHER 





he 


The percentage of voids in a given sample of leather may be caley. Ib 


lated from the equation 
Dz 


where X is the percentage of voids, D, the apparent density, and D, 
the real density. In table 6 are presented the air permeabilities, 
water-vapor permeabilities, and percentage of voids of several leathers 
Air permeability was determined by the method and apparatus 
developed by Carson [6]. Water-vapor-permeability measurements 
were made by the method described by Hobbs [7]. For leathers 
which do not have abnormally high grease contents there appears to 
be some correlation between the percentage of voids and their per. 
meabilities to air or water vapor. However, those leathers which 
have high grease contents, such as the chrome-tanned sole leather and 
the chrome-tanned upper leather treated with waxes, show low water 
vapor and air permeabilities without a comparable decrease in the 
percentage of voids. ‘This may be caused by the fact that the greag 
concentrated in the outer surface of the leather forms a barrier to ai 
and moisture without decreasing appreciably the percentage of voids 
in the leather as a whole. 


of 


gr 


TABLE 6.—Comparison of air and water-vapor permeabilities of the leathers with the 
percentage of voids 























Percent- Air Water- 
Description of leather Thickness | ageof | permeabil-| vapor per- 
voids ity meability 
Inches (ml/sec) m2 | (g/m?)/day) 
Chrome sole containing barium sulfate and wax !_______ } 0. 200 20 0. 70 28.3 
OE SEE ee ee eee . 240 23 9.5 283 
Chrome-retanned upper containing waxes !_____._._._.__- . O80 29 0 0 
OS OSE Re RE a ee, . 185 30 3.8 266 
eek eT an ae eee ees .075 34 a2 360 
Quebracho-tanned steer hide 2____._...___-_.-_-____-- 5% .170 45 38 537 
Chestnut-tanned steer hide ?________--_.--..--__-2 2. - 190 50 64 554 
Chrome-tanned steer hide ?__.___..__.._----_2--2-2 2 ee. . 230 60 38 492 
Formaldehyde-tanned jack buck _._____.-.._-_.-..._---_-- . 090 63 5540 900 








1 Contains high percentage of grease or waxes. 
2? Tanned in experimental tannery at National Bureau of Standards. 


IV. CONCLUSIONS 


1. A reported value of the apparent or real density of leather should 
be accompanied by a statement of the temperature and relativ 
humidity at which it was determined. . 

2. The apparent, or bulk, density is a more sensitive characteristi¢ 
than the real density of leather, and it therefore would appear to } 
of greater value in a practical application. 

3. The apparent density of all types of leather may be determined 
accurately by the mercury-displacement method and within a fev 
percent by dimensional measurement on smoothly rolled heavy 
leathers. 
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4, Apparent density of leather appears to reach a maximum value 


beyond which it cannot easily be increased by a pressure of 3,000 


b/in’. 
5. There appears to be some correlation between the percentage 


of voids in leather and its permeability to air or to water vapor if 


orease or Wax is not present in large amounts. 
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\ COUNTING METHOD FOR THE DETERMINATION OF 
SMALL AMOUNTS OF RADIUM AND OF RADON 


By Leon F. Curtiss and Francis J. Davis 





ABSTRACT 


A method for determining small quantities of radon is described, in which the 
alpha particles from the radon and RaA and RaC are counted in an ion-counting 
chamber. Details of an arrangement for automatically making a printed record 
of the hourly totaled count are given. Advantages of this method over that using 
an ionization chamber with electrometer are discussed. 
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I. INTRODUCTION 


The most common method ! for determining radon quantitatively 
in amounts between 10~° and 10~* curie is to measure the ion current 
produced in a gas when the radon mixed with the gas is introduced 
into an ionization chamber. This method has the following disad- 
vantages, particularly for the smaller amounts: (1) A sensitive electro- 
meter with low electrostatic capacity must be used to measure the ion 
current. This entails the use of imsulators of the highest quality, 
scrupulously protected from the effects of humidity, and requires that 
the electrometer be placed in an enclosure at constant temperature. 
(2) It requires carefully measured calibrating voltages as well as 
reproducible and constant voltages for knife-edges, in the case of a 
string electrometer, or for the needle of a quadrant electrometer. 
these difficulties are not greatly reduced if a low grid-current vacuum 
tube is substituted for the electrometer. (3) A double ionization 
chamber is required to eliminate effects of radiation arising outside 
the chambers. his increases the difficulty of insulation and also 
increases statistical errors arising from the background or contamina- 
tion of the chamber. At the same time the double chamber increases 


'R. D, Evans, Rev. Sci. Instr. 6, 99 (1935). W. D. Urry, and C. 8. Piggot. Am. J. Sci. 239, 633(1941). 
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the smallest amount of radon that can be measured, since the back. 
ground of a single chamber enters into the computation of the probable 
error of the final result with a coefficient of 2. (4) For automatic 
recording, a practical necessity when dealing with small amounts of 
radon, a fairly elaborate photographic-recording system is required to 
give a record of the ion current and calibrating voltages at regular 
intervals over a period of 10 or more hours. (5) The computation of 
the results is complicated, involving the measurement of photographic 
records and corrections because of changes in the capacity of the 
electrometer at various sensitivities. (6) The calibrating voltages 
and the sensitivity of the electrometer must be adjusted to the size of 
each sample. 

All these disadvantages can be eliminated by a method which 
directly counts the alpha particles produced in a single chamber by 
recording each individual current pulse resulting from the passage of 
an alpha particle through the gas. In this method no electrometer is 
required, and the quality of the insulation need not be stringently 
maintained at the best obtainable. A further pronounced improve- 
ment is that only one chamber is required. The probability is very 
small of any outside source of radiation producing a current pulse inside 
the chamber comparable to that of an alpha particle. This is limited 
to dense cosmic-ray showers, which are of very rare occurrence over 
an area of the magnitude involved here. Finally, the pulses may be 
enumerated and recorded on a printed record made automatically, so 
that the record is available immediately after the counting is completed 
and may be terminated at any time. 

The principles involved in counting amplified individual current 
pulses produced in a gas are well known. For successful application 
to the measurement of small quantities of radon, it is necessary to 
adopt special precautions. These arise from the requirement that 
the current pulses produced by each alpha particle must be shar 
so that they may be amplified sufficiently to actuate a recording 
mechanism. That is, the total current for each particle must be 
collected and amplified in a brief interval of the order of 10~* second 
or less. Furthermore, this must be accomplished in an ion chamber 
having a gas capacity of several liters, with the radon distributed 
through the gas. This can be done in an atmosphere of pure nitrogen, 
if the electric field of the chamber is arranged to collect negative ions, 
which will, in this case, be almost exclusively electrons, following 4 
suggestion by Ortner and Stetter.? Pure nitrogen (containing less 
than 0.001 percent of oxygen) has a very low electron affinity, 9 
that the high mobility of electrons can be utilized even when the 
ion paths may be as long as 15 centimeters. Under these conditions 
the current pulses are sufficiently sharp to obtain readily a resolving 
time of 10~* second. 


II. EXPERIMENTAL METHOD 


The preparation of nitrogen of sufficient purity for this method’ 
shown diagrammatically in figure 1. A combustion tube, G, filled 
with reduced copper and surrounded by a furnace, Ff, is connected 
through the drying bulbs, B, and B,, to the ion chamber, J, which 


2Q,. Ortner and G. Stetter, Wei Anz, 70, 341, (1933); Phys. Z. 35 563 (1934). 
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Fiaure 1,.—Diagram of system for removing oxygen from radon samples. 


G, Reduced copper; F, furnace; Bi, Drierite; Bs, P05; I, ion-counting chamber. 


is provided with a connection to a vacuum 7 at (2). The drying 
bulb, B,, contains Drierite and B, contains P,O;. In operation the 
system is evacuated to approximately 0.1 mm Hg through the ion 
chamber up to stopcock 7;. Then, with the furnace hot (about 
500° C) the gas, usually air, containing the radon sample is intro- 
duced at (1) with stopcock 73 closed. “The rate is adjusted so that 
all oxygen is taken up by the reduced copper in G. If required, 
additional nitrogen is introduced through the sampling flask into the 
system to bring the pressure in the ion chamber to atmospheric 
pressure, as indicated by a manometer, not shown, connected to the 
chamber. Stopcock J; is closed and the chamber is ready to begin 
the counting. 

To collect the electrons a negative potential, around 500 to 1,000 
volts, is applied to the chamber. This drives the electrons to the 
collecting rod, R, which is connected to the input of a linear amplifier. 
This amplifier may operate a telephone message register through a 
scaling circuit. If automatic recording is desired, this can be accom- 
plished most conveniently by using the mechanism of a traffic re- 
corder. This device will print, on the hour or half-hour, the accu- 
mulated scale count, together with the time and day of the week, 
thus giving a complete printed record. 

The choice of the scaling ratio is determined by the quantity of 
radon likely to be measured and by the resolving time of the mechan- 
ical recorder. For example, 10-" curie of radon in equilibrium with 
Rad and RaC will yield at most 266 particles per hour,? assuming 


| that one-half of the RaA and RaC particles are counted, since they 


are solids that will be deposited on the inner surfaces of the chamber. 

In the work presented here, about 250 per hour actually are counted 
DA ae 3.7 X 10" alpha particles per second per gram of radium, as given by Braddick and Cave, Proc. 

it , Soc, (London) 121, [A] 367 (1928). On the basis of 3.5 X 101°, a value resulting from the work of Glad- 
‘sh and Foyn (Am. J. Sei. 299, 233 (1935), this number is 252 particles per hour. 
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in the chamber. For 10~", this would give 25,000 per hour, or about 
7 per second. If the mechanical counter will count evenly spaced 
pulses at about 1 per second, a scale of 8 is indicated, which will take 
care of as much as 2 & 107" curie. 

From the standpoint of computing the accuracy of the measur. 
ment, this method of determining radon has the advantage that the 
statistical accuracy is at once available, as the standard deviation, 
from the total number of particles recorded. This also represents 
the complete information on the accuracy, assuming that the equip- 
ment is adjusted to record a uniform proportion of the particles, 
condition readily realized in practice. Actually, the standard devia. 
tion is the controlling factor in the accuracy of measurement of small 
quantities of radon, whatever the method used. In the usual method 
(ionizaton chamber with electrometers) it is not immediately ayail- 
able, since the number of events contributing to the results is not 
directly known and usually can only be estimated. Apart from the 
numerous sources of experimental errors in an electrometer system, 
this feature alone renders such a system less desirable. 

Using the figure of 250 particles per hour for 10~” curie of radon, 
and neglecting the background for the moment, it is seen at once that 
about 40 hours of observation are required to give a standard deviation 
of 100 for 10,000 particles, or a statistical accuracy of 1 percent. This 
points clearly to a frequent source of error in measurements of the 
intensity of alpha particles, namely, insufficient data. When only 100 
particles have contributed to the measurement, whether the quantity 
measured is an ionization current or a direct enumeration of the parti- 
cles, the statistical accuracy is +10 percent. When the number is not 
known directly this easily can be overlooked. 

The minimum quantity of radon that can be measured or estimated 
by the alpha-particle counting method is set by the so-called “natural” 
rate of emission of alpha particles from the inner metal surfaces of the 
ion chamber. It is difficult to reduce this rate of emission of particles 
below 10 per hour per 100 square centimeters of metal surface in a 
system that counts about 94 percent of all the particles released in 
the chamber. Bearden‘ reports natural counts as low as 5 and 3 
ie 100 square centimeters per hour for freshly machined brass, 

ut his figures cannot be compared directly with ours, since efficiency 
of detection was not determined for his recording system. Metal 
surfaces that have been stored without particular care have rates of 
emission that are usually much higher. Various methods have been 
suggested from time to time to reduce this rate. The most effective 
is careful machining or sandpapering of the metal to expose a fresh 
surface just before assembling the chamber. It is evident that m 
making a determination of radon two measurements are therefore 
involved. One is in the increased counting rate resulting from the 
introduction of radon into the chamber, and the other is the natural 
rate of emission, or background count, of the alpha particles from the 
walls of the chamber. In the present chamber the area of the inter 
is approximately 1,400 square centimeters, and the background 3 
about 180 particles per hour, or a little over 11 per 100 square cent 
meters. As has been pointed out by Urry and Piggot,® the observs 


‘J. A. Bearden, Rev. Sci. Instr. 4, 271 (1932). 
*W. D, Urry, and C, 8, Piggot, Am. J, Sci. 239, 653 (1941). 
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tional limit is given by 0.0036x10-" (B/n)'!” curie of radon, where 
B is the background count per hour, and n the number of hours. 
Thus the observational limit is 10~ curie of radon for a run of 24 
hours. This can only be reduced by either decreasing the inner area 
(that is, the volume) of the ion chamber or by attempting to reduce 
the rate of emission per unit area. For some purposes a smaller 
chamber can be used. ‘The chief use of the chambers at present is to 
determine the radon concentration in the air of workrooms for radium- 
dial painting and in the expired breath of the workers.* A sample of 
about 2 liters is desirable, therefore a 4-liter ion chamber is used, 
so that the sample can be flushed by a stream of nitrogen to insure 
that all the radon passes into the ion chamber. Tests have shown 
this is accomplished with this chamber, but it would not be true for 
one of much smaller volume. 


III. APPARATUS 


The details of the apparatus found satisfactory are given to illus- 
trate the method as applied to the measurement of samples of air of 
about 2 liters and containing from 10~" to 10~- curie radon. This 
covers the usual range of measurements of this type, but as much as 
10 curie can be measured conveniently if the scalers have a ratio of 
64:1 or 128:1. 

The ionization chamber in which the alpha particles generate the 
pulses to be counted is shown in section to scale in figure 2. It con- 
sists of an inner cylinder, C,, and the chamber proper, 9 inches high 
and 6 inches in diameter. This is surrounded by another metal cylin- 
der, C,, 9% inches high and 7 inches in diameter, which serves as an 
dectrostatic shield and to protect the operator from the high voltage 
applied to the inner chamber. The inner chamber is closed by solder- 
ing disks in the ends. All joints must be vacuum tight. In soldering, 
care must be exercised to leave no exposed surfaces of solder in the 
interi Lead solders have a high natural rate of emission of alpha 

An insulator, surrounded by a grounded guard ring, sup- 
ports the collecting rod, R, which extends along the axis of the cham- 
ber. The plate, P, fitted to the end of the outer cylinder, supports 
the shield, S, for the first amplifier tube and serves as a mounting 
plate to attach the assembly to a support. The support should be 
cushioned to reduce vibration of the chamber. Although the chamber 
8 not extremely sensitive to vibrations, some protection is required. 
Glass stopcocks 7 and 7» are waxed into the inner chamber, as shown, 
for evacuation and for admitting the sample. Since the lower limit 
of the quantity of radon that can be measured is chiefly determined 
by the natural background emission from the walls of the chamber, 
great care is taken in cleaning the inner surfaces of the ionization 
chamber immediately before the parts were soldered together. The 
cleaning was accomplished by machining some inner surfaces and 
Polishing others with fine sandpaper known to be free from radio- 
’ctive contamination. Some abrasives are known to be unsuitable, 
probably because they are made from materials containing small 
Muantities of radium. Some improvement of the background prob- 
ably can be achieved by a selection of the metal from which the cham- 


fod National Bureau of Standards Handbook H27, Safe Handling of Radioactive Luminous Compound 
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Figure 2.—Cross section of ion-counting chamber. 





S, Shield can for first amplifier tube; , mounting plate; H, high-voltage connection; R, collecting elec 
trode; Ci, ionchamber; C2, grounded shield separated from ion chamber by insulators. 
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ber is made. In this work copper was found to be a little better than 
brass in this respect. Steel may be even better, but this point was 
not investigated. ; ; 

The amplifier used is a resistance capacity coupled in four stages, 
with inverse feedback. Essentially it is constructed according to 
the specifications given by Waddell.’ To eliminate the storage bat- 
tery the heaters are connected in series, including a dropping resistor 
of 250 ohms and plugged into a 110-volt d-cline. Using 20 uf across 
the heaters was adequate to remove a-c signal and commutator ripple 
for 38 tubes of one manufacturer, although some tubes of other 
manufacture require much more filtering. This amplifier is very 
stable and is linear over a wide range of amplification. In this labora- 
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Figure 3.—Curve obtained by plotting counting rate for various settings of the gain- 
control of the amplifier. 





tory, amplifiers of this type have been used with little trouble for 
more than 2 years. One of the most convenient features of this ampli- 
fier, when used with an ion chamber, as described in this paper is the 
ease with which the amplifier gain may be set at the proper point. 
This is achieved by plotting the counting rate for a definite quantity 
of radon in the chamber versus the settings on the dial of the gain 
control. Such a curve is shown in figure 3. There is a considerable 
range of amplification over which the counting rate is nearly constant. 
At higher values of gain the amplifier noise begins to affect the scaling 
circuit and the curve breaks sharply upward. By setting the gain 
near the middle of this plateau, one is assured of counting all the usable 
pulses from the chamber and can be fairly confident of counting the 
same proportion of the total number produced in the chamber under 
all circumstances. 


’R. C. Waddell, Rev. Sci. Instr. 10, 311 (1939). 
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It should be emphasized, however, that such a plateau can only be 
obtained in an atmosphere of practically pure nitrogen. If a small 
percentage of oxygen is present, the current pulses are reduced by 
recombination to such an extent that some disappear completely 
and others are reduced in size by varying amounts. Under such 
conditions an increase in counting rate is observed as the gain is jp. 
creased right up to the “noise level” of the amplifier. This makes jt 
impossible to be certain that a definite percentage of all pulses formed 


are counted. 
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Figure 4.—Wiring diagram of the first two stages of the scaling circuit. 


Ci, 50 uuf; C2, 100 upyf; C3, 25 wuf; Ri, 50,000 ohms; Ro, 250,000 ohms. Twin triodes, such as 6SC7 or 7F7 
have been found satisfactory. 


The scaling circuit is composed of twin triode units assembled as 
shown in figure 4. It has the advantage that it is relatively insensi- 
tive, is fairly easy to balance, and once adjusted it continues to operate 
reliably over long periods of constant use. 

The recording unit found most satisfactory is the timing and print- 
ing mechanism of a photoelectric-type recorder used to count high- 
way traffic. It was used without the photocell and amplifier. The 
mechanism of such a recorder is shown in figure 5. This device 
prints precisely on the hour the accumulated count from a set of 
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Fiaure 5.—Interior of traffic recorder. 


P, Printing magnet; D, counting dials; R, relay controlling counting dials actuated by 
strobotron circuit. 
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decade dials with raised type faces, recording at the same time the 
day, the hour, and a.m. or p.m. It uses adding-machine paper and 
ribbon. It can be made to count on the half-hour or quarter-hour, 
if desired, but this is not required for the usual radon measurements. 
It is obvious that this method of recording is far superior to any 
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to Traffic Recorder 
FicurE 6,—Wiring diagram of strobotron circuit for actuating traffic-recorder 
counting dials. 


Ci, 0.05 wf; Ri, Re, 100,000 ohms; Co, 6 to 12 uf; Cz, Cs, 4 uf; Cu, 12-henry choke; 71, strobotron; T2, 523. 


MAY 4 1943 
w3_. 19854 
ws. 19883 
w5 19911 
wé _ 19938 
w2. 19964 
ws. 19992 
wo. 20018 
wD 20049 
wi 20079 
wi. 20104 
wi. 20130 
Ww2.. 20160 
w3.. 20186 
w4.. 20214 
w5.. 202374 
w6.. 20263 
w7.. 20290 
we. 20319 


Fieurr 7.—Sample record from traffic recorder as printed on adding-machine paper 
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photographic method. The electric circuit by which the scaler trips 
the dials on the traffic recorder is shown in figure 6, and a reproduc. 
tion of a typical record is shown in figure 7. 


IV. PROCEDURE 


A diagrammatic sketch of a complete system for counting alpha 
particles from radon is shown in figure 8. Starting with the determi- 
nation of the background count, the first step is to evacuate the 
chamber and system as far as stopcock 73, with all other stopcocks 
in the position shown. With reduced copper in tube, C, heated to a 
dull red, 7; is closed and 7; turned to admit a moderate stream of 
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Fiaure 8.—Diagram of complete system for determination of radon. 


S, standard radium solution; C, reduced copper; Fi, Drierite; B3, P20s; M, open mercury manometer; 
I, ion-counting chamber. 


nitrogen from the cylinder through the furnace and drying bulbs 
into the ion chamber. When the open manometer, M, shows that 
atmospheric pressure has been established in the ion chamber, 7; is 
closed. The voltage is then applied to the ion chamber and the count- 
ing process started. 

When a sufficient number of pulses have been recorded for a satis- 
factory determination of the background, the chamber may be call- 
brated by admitting a known quantity of radon from the standard 
radium solution stored in bulb S. This is accomplished by again 
evacuating the system up to stopcock 7, with the furnace hot. 
Then nitrogen from the cylinder is admitted slowly through 7; into 
the bulb, S, with 7, and 73; open to the chamber and 7; closed. At 
the same time sufficient heat is applied to bulb S, to cause the solu- 
tion to boil. Nitrogen is admitted until the pressure in the io 
chamber is again atmospheric. This transfers to the ion chamber the 
quantity of radon accumulated in the standard solution since it was 
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last removed. This can be computed from the known quantity of 
radium in the solution and the elapsed time. 7, is closed and the 
calibration count is taken. This calibration need not be made for 
every run, since in the absence of any alteration of the chamber the 
rate of emission per curie of radon will remain constant. However, 
oceasionally checks are desirable. The measurement of an unknown 
may now be made by evacuating the chamber as before and attaching 
the flask containing the unknown at 73, as indicated. 73 is turned 
io connect the flask to the furnace and a flushing tube is connected 
to the supply of nitrogen from the cylinder. By closing 7; and open- 
ing 7’s,the ion chamber is filled to atmospheric pressure with oxygen- 
free nitrogen, since the oxygen originally in the sample flask is removed 
in the furnace. At the same time the radon in the sample flask is 
also transferred to the ion chamber. Then 7; is closed and the alpha 
particles from the sample may be counted. 

A combustion tube about 30 millimeters in diameter and containing 
a column of reduced copper 50 centimeters high will completely remove 
the oxygen from 200 to 300 liters of air before it needs reduction. 
To rejuvenate the copper, stopcocks 7; and 7, are turned to permit 
hydrogen from the cylinder to circulate through the combustion tube 
with the furnace hot. The water generated will be discharged through 
the open branch of 74, chiefly as steam. As soon as the copper is 
completely reduced the hydrogen is cut off, and the furnace is ready 
for further use. When in daily use the copper requires reduction 
about every 3 or 4 weeks. 

Although the number of alpha particles per curie will remain fairly 

constant for a given chamber, the background count slowly changes. 
This change, when in continuous use, is an increase, depending on the 
amounts of radon admitted to the chamber and the length of time it 
remains. For instance, a 10~* curie radon sample in the chamber for 
24 hours would eventually raise the background about 5 counts per 
hour, but it would grow according to the growth curve of RaF, that is 
gain only about 2% counts per hour after 140 days. Under certain 
circumstances it may be a decrease. Therefore, frequent counts of 
the background are desirable. Immediately after running a heavy 
sample, if a background is run, a gradual rise in background rate 
during the run may be noticed, possibly due to radon coming from the 
walls, which may have been absorbed there during the time the sample 
was in the chamber. This amount, however, is a small fraction of a 
percent of the sample, so that if separate chambers are reserved for 
small and large samples, no appreciable error due to this effect is 
encountered. 
_ The method of computation is quite simple. The usual procedure 
is to disregard about the first 3 to 5 hours of the record after filling 
the chamber to permit RaA and RaC to grow to equilibrium and the 
active deposit of the previous sample to decay. In 3 hours the ac- 
tivity of the deposit will fall to about 1 percent of the sample value, 
in 5 hours, less than 0.05 percent. On the other hand, in 3 hours the 
growth curve of radon plus the products of disintegration will be 
within 1 percent of equilibrium. It is not always necessary to dis- 
regard the first part of the record, and in some cases with large 
samples where a short run may be desirable, the result can be calcu- 
lated an hour after filling the chamber. 
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If we disregard the first 3 or so hours, it is only necessary to calculate 
the average count per hour, subtract the background, and divide by 
250x10", giving the average amount of radon in curies during the run 
Usually what is desired, however, is the initial amount of radon. |j 
we let A, equal the average of an exponential decay function, ¢-\ 


of duration, ¢t, then 
Lag ‘. —nt ‘i bow eT 
A,= aK dt=-— ht a 
and to correct for decay during the run, divide the average radon by 
A,, and we have the initial amount at the time of the first reading 
Since most runs are overnight and for an integral number of hours, g 
short table of correction factors, A;, can be quickly computed with a 
slide rule. 
On a background run the standard deviation of the count per hour 


from the record is 
o=/2215¢_ 10,50 
n—1 m, ¢ 


where 4; is the deviation of the i,, hour count from the mean and n 
the number of hours. The correction term 10.5 is entered to take 
care of the variation of the count due to the scaler, which only counts 
intervals of 8. The difference between this calculated value and the 
theoretical value om (equal to the square root of the average count 
per hour) should, on the average, be less than o/-/2n, which is the 
standard deviation of co. 

Since the record actually shows the scaled count, it is simpler to 
calculate the standard deviation of its scaled count per hour by the 


formula 
n” 2 
vue) HOt 0.164, 
n—1 


where A, is the deviation of the 7,, hour scaled count from the mean, 
and 0.164=10.5/8*. This calculated value should fall on the average 
within 








Tse Oth 
4 2n of gs 
The hourly differences taken from three records of consecutive 
background runs are given in table 1 with the dates of the observa- 
tions. In this table, columns marked (a) are the hourly differences 
taken from the traffic-recorder printed record; columns marked (b) 
are the deviations from the mean, taken as nearest whole number; 
and columns marked (c) are these deviations squared. In the cor 
responding horizontal rows the total scaled count (sums of columns 
(a)), the mean scaled count, M, and the total actual count are col- 
puted, with the corresponding background counts per hour, By, By, 
and Bs. The figures indicating the errors are the theoretical standard 
deviations equal to the background divided by the square root of the 
total actual count. The sums of the squares of the deviations from 
the mean scaled count, M, are designated as y2, and are computed from 
the formula »,=v.—nd?, where », is the sum of the squares of the 
deviations about any convenient number A (taken as 13), 7 is the 
number of hours, and d=A—M. The subtracted quantity 0.16} 
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the correction term for the variation of the count due to the scaler, 
which records only in units of 8. The standard deviation of the 
scaled count o,- (=1.89 +0.37 in the first set of observations) is com- 
puted in each case. The figure for the “error’’ is found by dividing 


the value obtained by /2n, i. e., (0.37=1.89/-/2n). 


TaBLeE 1,—Data for determining uniformity of background 
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Vii- 

ces Although the standard deviations computed from the data fall near 
(b) the theoretical values, only in one set of figures (June 17) do the values 
yer’ coincide. This is to be expected from the statistical definition of the 
01 standard deviation. On comparing the three values of the back- 
uns [| ground, B,=100.8 42.8, B,=102.4 42.8, and B;=101.9 +2.6, we 
vm- find that the background does remain constant within the standard 
B,, deviation over a reasonable length of time, and therefore the deter- 
ard minations of this quantity are subject to no greater fluctuations than 
the those of the sample of radon. 

om For a sample run of appreciable size the calculation of the standard 
om deviation should take into account the decay of radon. The square 


of the standard deviation due to exponential decay is 
1—e-™' 


art " —A?=A),,—A?. 
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Therefore the calculated standard deviation of scaled count per hour 


should be 
—e 
ey poe Af =é(8) — —0.164, 


where R is the average count per hour due to radon and its decay 
products. A table of o,? can be quickly calculated from an accurate 
table of values of A;. Since the half-life of RaA is short compared 
to an hour, its alpha particles cannot be treated as independent events: 
therefore, the theoretical standard deviation of the total count should 
be the square root of the sum of the background and 4/3 the radon 
count, and the theoretical standard deviation of the count per hour 
should be on=VB+4/3R, where B is the background count per hour, 
If the background is small compared to the radon count, this will 
amount to about a 15-percent increase in the standard dev iation. 
The record shown in figure 7 is for an air sample taken at 4:00 p. m., 
on April 27, 1943, and transferred to the chamber at 2:00 p. m. on 
May 4, 1943. If we start the computation at 5:00 p. m., the radon 
will be in equilibrium. The average count per hour from 5:00 p. m. 
to 8:00 a. m. is 217.6 +3.8. The background for this chamber is 
B=125.0 +2.9, giving a net count of R=92.6 +4.8 per hour. The 
correction due to decay during the run is A,=0.945, and for the decay 
from time of collection to 5: 00 p. m. on May 4, 1943, is 0.279. The 
volume of the flask is 2.10 liters. Therefore, the amount of radon at 
the time of sampling is 
92.6107" 


—- F =13 ensia/ite 
250 X 2.100.945 X 0.279 =0.668 + 0.035 X10-” curie/liter. 


If we wish to check the statistical distribution by comparing 


2 
a ee =Af aD) —0.164. 

















with 
om_VB+4/3R. 
8 8 
the values are as follows: 
Za? _OAt 
cy | 14 4.60 
A) =0. ee 0.128. 
Therefore 
Wr tee 2.07 
oue==4/ 4.6 60—0.164—0.128=2.07 +—===2.07 +0.38 
V2n 
and 
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Determination of Radon 195 







showing that the two standard deviations compare within 0.38, as 
they should. 

It is obvious that the system described may be modified to measure 
radon from solutions containing unknown amounts of radium or from 
solids by fusion in a vacuum furnace. It thus provides a simple and 
reliable method of making all types of determinations of radon. It 
is, moreover, particularly effective when the amounts are small. 


WasHINGTON, June 1, 1943. 
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Attention is invited to a series of publications prepared by the Project for the 
Computation of Mathematical Tables conducted by the Federal Works Agency, 
Work Projects Administration for the City of New York, under the = 
of the National Bureau of Standards. The tables which have been made avail- 
able through the National Bureau of Standards are listed below. 

There is included in this list a publication on the hypergeometric and Legendre 
functions (MT15), prepared by the Bureau. 


MT1. Tasze or THE First Ten Powers or THe Inrecers From 1 To 1000: 
(1938) VIII+-80 pages; heavy paper cover. Out of print. 


MT2. TasLes OF THB ExPONENTIAL FUNCTION e, 


The ranges and intervals of the argument and the number of decimal places in the entries 
are given below: i 


Range of x Interval of x Decimals given ’ 
—2. 5000 to 1.0000 0. 0001 18 
1.0000 to 2, 5000 . 0001 15 
2.500 to 5 000 . 001 15 
5.00 to 10.00 .01 12 


(1939) XV-+-535 pages; bound in buckram, $2.00. 


MT3. Tasies or Crrcutar AND Hypersotic Sines AND Cosings ron RADIAN ARGUMENTS: 


Contains 9 decimal place values of sin x, cos x, sinh x and cosh x for x (in radians) ranging from 
0 to 2 at intervals of 0.0001. 

(1939) XVII+-405 pages; bound in buckzam, $2.00. 

MT4. Tastes or Sings AND Costnes Fon RapIAN ARGUMENTS: 


Contains 8 decimal place values of sines and cosines for radian arguments ranging from 0 to 25 
at intervals of 0.001. 

(1940) XX!X+-275 pages; bound in buckram, $2.00. 

MTS. Taszes or Srnz, Costng, AND ExponenttAt Intecrars, Votume I: 

Values of these functions to 9 places of decimals from 0 to 2 at intervals of 0.0001. 

(1940) XXVI+ 444 pages; bound in buckram, $2.00. 

MT6, Tastes or Sine, Costing, AND ExponentiAt InTEGRAL8, Votume II: 


Values of these functions to 9, 10, or 11 significant figures from 0 to 10 at intervals of 0.001, 
with auxiliary tables. 

(1940) XXXVII-+ 225 pages; bound in buckram, $2.00. 

MT?. Taste or Narurat Locartrums, Votume I: 

Logarithms of the integers from 1 to 50,000 to 16 places of decimals. 

(1941) XVIII+-501 pages; bound in buckram, $2.00. . 

MTS. Tastes or Propaputry Functions, Votums I: 


Values of these functions to 15 places of decimals from 0 to 1 at intervals of 0.0001 and from 
1 to 5.6 at intervals of 0.001. 
(1941) XX VIII+-302 pages; bound in buckram, $2.00. 


{Continued on p. 4 of cover} 
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MT9. Tasrzs or Natura Locartrums, Votume II: 
Logarithms of the integers from 50,000 to 100,000 to 16 places of decimals. 
(1941) XVIII+-501 pages; bound in buckram, $2.00. 
MT10. Taste or Narurat Locarirams, Votume III: 
ithms of the decimal numbers from 0.0001 to 5.0000, to 16 places of decimals. 
(1941) XVIII+-501 pages; bound in buckram, $2.00. 
MT11. Tastes or THE Moments or Inertia AND Section Monutt or Orpmary Ancues, Cuan. 
NELS, AND Bucs Ancies Wirn Certain Prats Comainations: 
(1941) XIII+ 197 pages; bound in green cloth, $2.00. 
MT12. Tasre or Naturar Locaritums, Votume IV: 
Logarithms of the decimal numbers from 5.0000 to 10.0000, to 16 places of decimals, 
(1941) XXII+- 506 pages; bound in buckram, $2.00. 
MT13. Taste or Suns AnD Cosmns InrecRats FOR ARGUMENTS From 10 To 100: 
(1942) XXXII+-185 pages; bound in buckram, $2.00. 
MT14. Tasres or Prosasiiry Funcrions, Vorums II: 
Values of these functions to 15 places of decimals from 0 to 1 at intervals of 0.0001 and ftom 
1 to 7.8 at intervals of 0.001. 
(1942) XXI+-344 pages; bound in buckram, $2.00. 
MT15. The hypergeometric and Legendre functions with applications to integral equations of 
_—_ theory. By Chester Snow, National Bureau of Standards. Reproduced from origin 
ndwritten manuscript. 
(1942) VII+-319 pages; bound in heavy paper cover, $2.00. 
MT16. Taszz or Arc Tan X: 
Table of inverse tangents for positive values of the angle in radians. Second central differences 
are included for all entries. 





Interval between 


Range of x successive arguments 
0 to 7 0.001 
7to 50 01 
50to 300 m | 
300 to 2,000 1 


2,000 to 10,000 10 
(1942) XXV+-169 pages; bound in buckram, $2.00. 
MT17. Miscellaneous Physical Tables: 
Planck's radiation functions (Originally published in the Journal of the Optical Society of 
America, February 1940); and 
Electronic functions. 
(1941) VI1+-58 pages; bound in buckram, $1.50, 


MTI18. Table of the Zeros of the Legendre Polynomials of Order 1-16 and the Weight Coefficients 
for Gauss’ Mechanical Quadrature Formula. 
(Reprinted from Bull. Amer. Mathemical Society, October 1942.) 
5 pages with cover. 25 cents, 


MT19. On the Function H (m, a,x)=exp (— ix) F (m+1—ia, 2m+2; ix); with table of the 
confluent hypergeometric function and its first derivative. 
(Reprinted from Journal of Mathematics and Physics, December 1942.) 20 pages, with 
cover. 25 cents. “oad 
Payment is required in advance. Make remittance payable to the “National 
Bureau of Standards,” and send with order, using the blank form facing page 
3 of the cover. ; 

The prices are for delivery in the United States and its possessions and in 
countries extending the franking privilege. To other countries the price of 
MT2 to MT16, inclusive, is $2.50 each; MT17, $1.75; MT18 and MT19, 30 
cents each; remittance to be made payable in United States currency. 

Copies of these publications have been sent to various Government depositories 
throughout the country, such as public libraries in large cities, and colleges and 
universities, where they may be consulted. 

A mailing list is maintained for those who desire to receive announcements 
regarding new tables as they become available. 














